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SUMMARY 
The shortening values of various lards and other fats have been 
compared in pastry (made of 40 parts of fat to ] 00 parts of alI-
purpose flour) and in cookies. When sugar, sugar and egg yolk or 
sugar and whole egg were added to the pastry formula to compare 
the effect of incorporating these ingredients on the shortening power 
of fats, the products were called eggless, egg yolk and whole egg 
cookies, respectively. Shortening values for the results herein re-
ported are expressed as breaking strength. A Bailey shortometer 
was used to determine the breaking strength, i_ e., the force required 
to break the products. 
A. Certain factors were found to affect the breaking strength of 
pastry. They were: 
L Manipulative technics 
1. The extent to which the fat was mixed with the flour, 
up to the point of optimum mixing, decreased the 
breaking strength. 
2_ "Developing" the gluten to a greater extent, i. e., 
a longer time for combining the water with the flour_ 
increased the breaking strength. 
3_ The time the dough "aged" up to and including 
2 hours, increased the breaking strength. Aging 
over night, however, resulted in decreased breaking 
strength. 
4. The time the pastry "aged" after baking and before 
testing, up to 2 or 3 hours, increased the breaking 
strength_ However, probably because of staling_ 
standing overnight resulted in decreased hreaking 
strength and in loss of crispness. 
5_ Baking temperatures at 15 degree intervals from 1850 
to 245°C., gave no significant differences in breaking 
strengths, though the pastries baked at the highest 
temperatures were preferable for flavor_ 
II. "Day to day" variations 
Humidity, atmospheric pressure and slight unconscious 
differences in the operator's technic caused significant 
variations in breaking strength of batches mixed on 
different days. To minimize these influences one mix 
or a multiple number of mixes of each fat should be 
tested each day. 
III. Texture and temperature of the lard 
1. The texture of the lards, whether smooth or grainy, 
produced no significant differences in b rea kin g 
strength. 
2. Pastries made from lard at room temperature (240 • 
26°C.) had a lower breaking strength than when cold 
lard (5°C.) or melted lard (60°C.) was used, but 
they were less flaky. 
IV. The chemical and physical constants of the fats 
1. Combining hard (all leaf) and soft (all back fat) 
lards, obtained from the same animals, to produce 
lards with decreasing "hardness" yielded pastries with 
corresponding decreases in breaking strength. Regu-
lar gradations of the chemical and physical con-
stants of these lards were thus produced by these 
combinations. The highest iodine value, peroxide 
value, refractive index and smoking point, and the 
smallest content of free fatty acids accompanied the 
softest lard (all back fat). 
2. The substitution of 1, 2.5, 5 and 10 percent of the 
lard by an equivalent weight of oleic acid produced 
pastries with breaking strengths which decreased as 
the amount of oleic acid was increased . 
3. Evidence is presented ,to show that the degree of un-
saturation of the fat, as shown by the iodine value, 
has a relation to its shortening value in pastry. How. 
ever, because other factors also affect the breaking 
strength, the degree of unsaturation cannot be used 
as the sole criterion of shortening power. 
The breaking strength of the pastries made with the formula 
and procedure used in this series of studies, arranged in increasing 
order, rank the various fats as follows: The oils, the softer lards, 
the harder lards, the hydrogenated fats and ~butter. Considered from 
the standpoint of flakiness, flavor, shortening value and economy, 
the lards head the list of plastic fats for use in pastry. 
Under the conditions of this study the oils produced a mealy, less 
flaky pastry. But when the technic followed in these investigations 
is changed, so that a flaky pastry is obtained from oil, its breaking 
strength is greater than that of pastries made from lard. 
B. Certain results were observed with the cookies 
1. The addition of sugar to the pastry formula (eggless 
cookies) yielded products with higher breaking strengths. 
The breaking strength of the cookies made from the oils 
was about four times as great, from the lards about three 
times and from the hydrogenated fats and butter about 
two times as great as that of pastries made from these 
same fats. It was shown that creaming the fat and sugar 
for 3 minutes did not produce -significant differences in 
breaking strength. The order for the fats, arranged in 
increasing breaking strength, is as follows: Prime·steam 
lard, the hydrogenated fats and open-kettle lard, the oils 
and butter. 
2. Egg yolk cookies made with the oils and butter had the 
greatest breaking strength. The other fats had about the 
same rank as in pastry. 
3. Whole egg cookies were of greater uniformity in break-
ing strength than the two other types of cookies or pastry. 

The Physical and Chemical Character,. 
istics of Lard and Other Fats in Re,. 
lation to Their Culinary Value 
I. Shortening Value in Pastry and Cookies l 
By BELLE LOWE, P. MABEL NELSON AND J. H. BUCHANAN2 
These studies on the relationship of the physical and chemical 
characteristics and constants of lards and other fats to their culi-
nary value were started during the fall of 1932 and completed dur-
ing the summer of 1937. 
The culinary tests were divided into three groups as follows: 1. 
The shortening power of lards and other fats in pastry and cookies. 
2. the use of lards and other fats in plain cake, 3. the frying life of 
lards compared with other fats. 
This section of the report presents the studies relating to the 
shortening value of lards as compared with other fats_ The work 
has been done in various units or sections over a period of years by 
Lowe and the foods research fellows of the Foods and Nutritioll 
Subsection. 
REVIEW OF LITERATURE 
Definition of slwrtening. The definition for shortening given by 
Davis (4) is as follows: "The best shortening is that material which 
when baked in a dough gives to the product a minimum breaking 
strength and a minimum crushing strength." 
The shortometer is used to determine the breaking strength of 
pastry and wafers. Two types of shortometers have been used- one 
designed, and its operation described, by Davis (4) and the other 
by Bailey (1) _ On the basis of the preceding definition of shorten-
ing this instrument gives a direct measurement of breaking strength. 
Harvey (10) com pared the pastry -shortening properties (deter-
mined by breaking strength) of commercial hydrogenated vegetable 
oil products and lards as well as products prepared in the labora-
tory. He reported that average lards and hydrogenated vegetable 
lProject No. 325 of the Iowa Agricultm-al Experiment Station. 
This project was cooperative between the Foods and Nutrition Subsection of the 
Home Economics Section and the Chemistry Section. 
Acknowledgment is hereby .made to Prof. Fred J. Beard of the Animal Husbandry 
Section who rendered and furnished the individual h og and composite lards used in 
the culinary tests. 
2With the assistance of Marie W. Bernds, Eva 1. Buel. Helen J. Duncan and Lois 
C. Minard. research fellows of the Foods and Nutrition Subsection. and of W. Bosch. 
B. Demoratsky. E. W. Eickelberg and D. Starr. research fellows of the Chem .stl·y 
Section. 
---
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oil shortenings gave practically equivalent breaking strengths. He 
adds that the non-uniformity of lard was evidenced by the wide 
range of breaking strengths with various lards. 
He states: "The consistency or plasticity of a shortening may be 
varied by a number of methods. The result of an increase in the 
plasticity is to lower the breaking strength of a pastry test speci-
men. The gain in tenderness may, however, be more than offset by 
occurrence of greasiness or other undesirable properties. Among 
the available methods for increasing plasticity are limitation of the 
degree of hydrogenation or addition of cottonseed or other vegetable 
oil, increase in the temperature at which the shortening is used and 
simple mechanical working of the shortening preliminary to usc. 
The application of any of these methods to hydrogenated vegetable 
oil shortenings may easily result in a lower breaking strength than 
that of the most plastic lard." 
Harvey used two dough mixes, consisting of four strips of 10 
wafers each, or a total of 80 specimens, which he considered ade-
quate for reliable averages. He adds that this number was the 
minimum used for anyone average, and many tests included several 
times the minimum. 
Harvey used two formulas. The first designated "A" carried 50 
parts of fat, 31.25 parts of water and 2.5 parts of salt per 100 grams 
of flour. The second, "B," differed from formula "A" only in the 
amount of fat used, 52.5 grams. 
Fisher (8), using by weight per 100 grams of pastry flour, 41 
parts of fat, 25 of water and 2 of salt, found that the relative break-
ing strength of pastry of Series I made with various fats was as 
follows: 
COMPARATIVE SHORTENING VALUE OF FAT IN PASTRY. 
(Each figure an average of 100() determinations. Fisher.) 
Refined lard 
Hydrogenated lard 
Fat 
Animal stearin-vegetable oil compound 
Hydrogenated cottonseed oil 4-
Hydrogenated cottonseed oil 6 
Average breaking 
strength 
gm8. 
440.6 
592.3 
595.6 
602.0 
625.4 
Comparative 
shortening 
value 
100 
74 
74 
73 
70 
In a third series of tests Fisher (8) compared several lards with 
each other and also with hydrogenated cottonseed oil. For this pur-
pose two refined steam lards in addition to that used in Series I 
were added for the tests as well as two leaf lards. For Series III 
the fat was increased to 44 parts per 100 parts of flour. All fats 
were tested each day. The results follow. 
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COMPARATIVE SHORTENING VALUE OF LARDS AND HYDROGENATED 
COTTONSEED OIL. 
(Each figure the average of 1000 determinations. Fisher.) 
Average breaking Comparative Fat strength shortening value 
gms. .percent 
Refined steam lard. 1 252.0 100 
Refined steam lard. 2 245.0 102 
Refined steam lard. 3 248.0 101 
Leaf lard. 1 274.9 91 
Leaf lard. 2 280.1 90 
Hydrogenated cottonseed oil. 6 360.9 69 
The leaf lards, which were firmer in texture and with lower iodine 
numbers than the refined steam lards, gave pastries of greater break-
ing strength than the refined lards. 
Further studies made by Fisher (Cawood) (3) were concerned 
with the question of how the fat content of pastry would have to be 
varied in order to get equivalent breaking strength with different 
fats. The ratio of the breaking strength of lard to that of hydrogen-
ated cottonseed oil (see table p_ 8) was 100 to 70. Therefore, 
if the amount of lard in one mix was reduced to 70 percent of the 
amount of hydrogenated cottonseed oil used in another mix, the 
breaking strength of the resulting pastries might be equal. How-
ever, tests showed that hydrogenated cottonseed oil produced c 
tenderer pastry than lard under these conditions, the ratio of shorten-
ing being 108 to 100. When the lard was increased in proportion 
to the difference, so that 75.4 percent as much lard (33.2 gms. lard 
to 44 gms. of hydrogenated fat) as hydrogenated cottonseed oil was 
used, the breaking strengths of the two types of pastry were practi. 
cally equal. From these results Cawood concluded that shortening 
equivalence of fats to be used in pastry cannot be calculated from 
breaking strength determinations on the shortometer but must be 
determined by cut and try methods. In general, however, they bore 
a close relationship to the relative shortening value. 
Concerning the shortening value of fats as related to their ill-
herent properties Platt and Fleming (17) found some substanti-
ation in their breaking strength determinations for their theory that 
the shortening power of fats should parallel the percentage of un-
saturated glycerides. These authors also suggest that such proper-
ties as viscosity, surface tension, melting point, plasticity and ori-
entation, some of which are closely related to the degree of unsatur-
ation, may play an important role in shortening. Langmuir (13) 
has shown that unsaturated fatty acids cover a greater surface area 
than the saturated acids. Harkins et al. (9) have shown that doubl e 
bonds have adhesive powers. Denton and Lowe (6) found some 
relation between the degree of unsaturation, iodine number and the 
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breaking and crushing strength of pastry, but it was not infallible 
as other factors also affected the outcome. 
Kozmin (12) has reported that free unsaturated fatty acids pro-
duce the same effect as natural aging in strengthening the gluten, 
producing this effect by thickening the colloidal gluten gel. The 
saturated fatty acids show no such effect. The free fatty acids ac-
cumulate in the flour during storage, this change taking place more 
rapidly at 45° C. than at 15° C. 
Sullivan, Near and Foley (20) found that the higher saturated 
fatty acids have only a very slight "shortening" effect, whereas un-
saturated fatty acids cause a greater change which is only slightly 
detrimental to the baking quality of the flour. When these un-
saturated fatty acids are oxidized, however, they affect the gluten, 
making it "shorter" and more crumbly and thus damage the bak-
ing quality in bread. 
Lowe (14) emphasizes that " the degree of shortening pIoduced 
by a fat or oil in a given product depends primarily upon the sur-
face area of the flour particles covered by the fat." 
Factors that affect the extent to which the flour particles are 
covered by the fat are: 1. Concentration of the fat, 2. temperature 
of the fat, 3. kind of fat, 4. other ingredients and their concentra-
tion and 5. manipulation. 
It would be conceded by any homemaker or home economics 
person that increasing the quantity of fat added to a given formula, 
other conditions being constant, increases the tenderness of the pro-
duct. At higher temperatures fats are more plastic and coat the 
flour particles more readily in a given mixing time. The addition 
of other ingredients, such as egg and sugar, may affect the shorten· 
ing power of the fat. Egg in particular may emulsify the fat, espe-
cially the very soft or melted fats and the oils, and in products 
like cake decrease the shortening power of the fat, because the sur· 
face area of the flour covered by the fat is decreased. The effect 
of sugar and the effect of different manipulative procedures form 
part of the investigations herein reported. 
It is well known that increasing the amount of water beyond a 
certain quantity (14) increases the toughness of pastry. 
THE INVESTIGATIONS 
FORMULAS USED 
Pastry recipes commonly used for household purposes recommend 
from a scant 14 cup to % cup of fat to each cup of flour. Very 
rich formulas, seldom used, may have as much as % cup of fat. 
Depending upon the flour used (pastry flour is lighter in weight 
than all purpose or bread flour) the proportion of fat to a cup of 
flour is about 40, 60 and 90 parts of fat per 100 parts of flour by 
weight for scant %, 1f~ and % cups of fat, respectively. Unless a 
quite firm or a very cold fat is used with very careful manipulative 
11 
TABLE 1. FORMULAS USED IN TESTING COMPARATIVE SHORTENING OF' 
LARDS AND FATS. 
Duncan 
Formulas used by Buel Duncan Lowe Lowe 
LowG Minard 
Bernds 
Ingredients Pastry Eg gless Egg yolk Whole egg cookies cookies cookies 
Flour. an purpose 276 gms. 276 gms. 276 gms. 276 gms. 
Fal 110 gms. 110 gms. 110 gms. 110 gms. 
Salt 6 gms. .... - . ... - .. .. -
Water 70 cc. 70 cc. 25 cc. 15 cc. 
Sugar 125 gms. 125 gms. 125 gms. 
Egg yolk 72 gms. .-..... 
Whole egg 72 gms. 
technic, the largest proportion of fat is apt to give a very greasy 
pastry, but if the precautions mentioned are observed a very flaky, 
tender pastry is obtained. 
The formulas used in these studies are specified in table l. 
The proportions in these formulas were used throughout the 
study, although according to the tests under investigation the full 
recipe, a fraction or a multiple of the formula might be mixed. In 
one study (Minard) the water for eggless cookies was reduce<l 
to 68 cc. 
The ratio of ingredients to 100 parts of flour by weight is ap· 
proximately 40, 45, 26, 26 and 2.17 for fat, sugar, egg yolk, whole 
egg and salt respectively. Whereas the weight of butter used was 
the same as for other fats, it should be noted that because of water, 
curd and salt content, 40 grams of butter actually contain only 
about 32 grams of butterfat. 
Unless the dough was mixed, kneaded or rolled too long, excel· 
lent, palatable, servable pastry could be obtained with 40 parts of 
all fats to 100 parts of flour except for butter. When butter was 
used, a higher ratio of butter to flour would have been necessary 
to obtain a palatable pastry. 
INCUBATION OF INGREDIENTS AND TEMPERATURE CONTROL 
The fat, flour, sugar and salt were weighed and placed overnight 
in a constant temperature incubator at 24° to 25° C. The water was 
also kept in the incubator and was measured as needed. When whole 
egg was used, the eggs were placed in the incubator overnight with· 
out breaking. Before starting a series of tests for the day, enough 
eggs were broken for the day's needs and whipped together. The 
weighed portion for each mix was kept in a covered pyrex cup in 
the incubator until needed. 
The temperature of the room in which the products were mixed. 
rolled and cooled after baking was kept fairly constant at 24° to 
25° C., although in the early part of Duncan's work the room tem-
perature was not so accurately controlled. 
12 
FATS USED 
During the year 1932-33 ~ total of 56 different lards were used 
in the pastry andeggless cookies tests. The description of these 
lards follows. 
Lards made from individual hogs by Animal Husbandry Depart-
ment. There were 33 samples of lard from individual pigs available 
from a cooperative project3 in the Animal Husbandry Section, the 
purpose of the project being to gather data for setting up definite 
standards needed to evaluate breeding stock. These lots of pigs 
were fed similar feeds, all conditions being as nearly standard as 
possible. Three pigs from each lot were slaughtered at the 225· 
pound weight and a study made of each carcass. The fats rendered 
into lard from each carcass consisted of equal parts of leaf and back 
fat, therefore the weight of the leaf fat from each pig determined 
the size of the sample. The weight of the samples of fat rendered 
varied from 4.9 to 12.3 pounds. Only the center of the fat back was 
used and the skin was removed before the fat was ground. After 
grinding, the fat was rendered by the open-kettle method (steam 
jacketed) in the Animal Husbandry Laboratory. After rendering, the 
lard was placed in lard pails and left at room temperature to cool. 
Since the smaller samples would cool more rapidly and since the 
room temperature also varied the texture of the lards varied in 
graininess. These 33 lards were numbered according to the number 
of the hog from which they came and range between 1 and 92 btl l. 
do not run consecutively. They were used in eggless cookies and 
pastry, but there was not a large enough quantity of some lards to 
use them in egg yolk and whole egg cookies. 
The 33 lards, hereafter called A. H. Individual lards, were rend-
ered in the fall of 1932. In the spring of 1933 there were available 
12 additional Individual lards, which were used in tests. The letter 
"F" is placed before the number used to designate these lards, de· 
noting that the animals were farrowed during the fall. 
Composite lards rendered by the Animal Husbandry Department. 
Nine lots of composite lards designated A to I inclusive, from groups 
of five pigs each were furnished from Project 327: This project 
was designed for the purpose of studying the influence of feed, espe-
cially soybeans and soybean products, upon the character and qual-
ity of fat and lard from swine. Nine lots of 10 pigs each were fed 
varying rations. The groups were fed until the pigs in each group 
reached the average weight of 225 pounds. Five pigs from each 
group, those nearest the 225-pound weight, were chosen to be 
aproject 39. SW'ine performance record. response in growth. gains and carcass 
quality of litters from different sows (and boars) when fed the same kinds of feed. 
Cooperative between Animal Production, Meats and Animal Chemistry and Nutrition 
subsections of the Iowa Agricultural Experiment Station. 
4Iowa Agricultural Experiment Station, Project 327. The influence of feed. 
especially soybeans and soybean products, upon the character and quality of fat and 
lard from swine. (Cooperative) 
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slaughtered and the carcasses studied. Equal parts of leaf and back 
fat were again used for the composite lards, the same amount being 
taken from each pig in the group. The fat was rendered into lard 
in the same manner as fat from individual hogs. Again the lards in 
this group varied in texture, some, because of the varying un· 
saturated fatty acid content and the rate of cooling, being more 
grainy than others. 
Commercial fats. Two commercial lards were furnished for this 
project through the courtesy of the Institute of American Meat Pack-
ers and Wilson and Company of Chicago. One of these, a repre-
sentative lard of its type, was a smooth, bleached Prime-steam lard,5 
prepared from miscellaneous cutting and killing fats and rendered 
under 40 pounds of steam pressure for about 10 hours. This rendered 
lard was bleached with fuller's earth at a temperature of 165°F. 
and run over a cooling roll. The other lard, also representative of 
its type, was a grainy, open-kettle rendered lard6 and was prepared 
from back fat and leaf fat only. It was rendered in an open kettle 
at a temperature which was increased to a final point of 240°F. 
and held at this temperature for about an hour. It was then strained 
through cloths without bleaching. 
Three hydrogenated fats were used. The first, an animal fat1 , was 
furnished through the courtesy of the Cudahy Packing Company; the 
second., mostly an animal fatS, with some vegetable oil, was furn-
ished through the courtesy of Swift and Company; and, the third, a 
hydrogenated cottonseed oiJ9 was purchased at a retail market. 
Two corn oils also were used. The first, designated as corniO oil J, 
was furnished by the courtesy of the Corn Products Refining Com-
pany; the second, designated as cornll oil II, was furnished through 
the courtesy of the Clinton Syrup Refining Company. 
All these fats were used by Duncan in pastry and eggless cookie~ 
during 1932-33. Lowe used these same fats in egg yolk and whole 
egg cookies, except when there was not a sufficient quantity of some 
fats, which was true for many of the A. H. Individual lards. Dur-
ing 1932-33 only four mixes per fat were made, 40 cookies or wafers 
being broken from each mix. 
The Animal Husbandry Department rendered and furnished lards 
from individual pigs during 1933·34. The lards, 48 in number, 
were rendered as before and the pigs from which the fats were 
obtained treated and fed similarly as in 1932-33. 
The number of A. H. Composite lards used was 15. These were 
also rendered and furnished by the Animal Husbandry Department 
as before. The lots of pigs were fed similarly as in 1932-33. 
5Laurel-leaf lard 
6Certified lard 
7Clix, a hydrogenated lard 
8Formay, a hydrogenated lard and oil 
9Crisco 
10Mazola 
11 Clinton Corn oil 
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The same commercial fats were used as in 1932-33, except that 
one of the hydrogenated fats (hydrogenated lard and vegetable oil) 
was not included. 
Buel used alI of the 48 A. H. Individual lards in pastry, using six 
mixes, 40 cookies per mix for each fat. For the composite lards 
eight mixes per fat were used and for the commercial fats 16 mixes 
per fat. Lowe used alI the above fats in eggless cookies with the 
exception of 17 of the Individual lards, there not being sufficient 
lard to test them in both products. The number of mixes per fat 
and the number of cookies per mix were the same as those used 
by Bue!. 
For 1934·35 only commercial fats, with ·one exception, were used. 
Minard used these fats to test the effect of creamed volume and 
simultaneously to test the effect of day to day variation on breaking 
strength. Lowe used the same fats in pastry, 25 mixes, 10 cookies 
or pastries per mix being used for each fat Whenever the brand8 
of fats were the same as those used in previous years, they were 
obtained through the same channels as for former tests. The fats 
are:· 
Prime·steam rendered lards 
Lot 1112 
Lot IIF3 
Open. kettle rendered lards 
A. H. rendered lard 
Lot J14 
Lot 1115 
Drip.rendered lards 
Lot 1116 
Lot IV17 
Hydrogenated fats 
Lard 1818 
Cottonseed oiJ19 
Corn oil 
Lot 1120 
Butter 
During 1936·37 Bernds used a Prime-steam rendered lard2\ a 
hydrogenated lard 22 and in one study a rancid hydrogenated lard. 
12Swift's. Courtesy of Institute of American Meat Packers and Swift & Company. 
13Laurel-leaf 
14Premium. Swift's 
15Certified 
16Courtesy French Oil Machinery Co., Piqua, Ohio 
17Courtesy Morrell Packing Company 
18Clix 
]9Crisco 
2oCiinton Corn oil 
21Laurel-leaf 
22Clix 
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The first two were bought on the retail market. In another unit of 
tests she used lard prepared by the Animal Husbandry Department 
for the Chemistry Department, composed of leaf and back fats and 
differing proportions of these two fats. 
OTHER INGREDIENTS 
Flour. An all.purpose flour 23 was used throughout the series of 
tests. Enough for the tests to be made in a year was bought at one 
time. When this amount was more than one sack, the flour froUl 
the various sacks was blended and stored in the laboratory in 
galvanized containers. 
Results obtained from pastries or cookies made from one flour 
have not been compared with results when other flour was used. 
Sugar. Only Extra·Fine granulated sugar was used throughout, 
that for 1 year's tests being from the same lot. 
Egg yolks. Frozen egg yolks24 were used. The quantity needed 
for 1 day's tests was chopped from the frozen supply, weighed, put 
in covered containers and defrosted in the incubator. 
Whole eggs. The eggs were obtained from the Foods and Nutri· 
tion storeroom as needed. 
PROCEDURE 
PASTRY 
The procedure used by Bernds with variations used by other In · 
vestigators is given. 
Mixing. A 3·quart mixing bowl and pastry knife of an electri· 
cally operated KitchenAid, 1932 model, were used for mixing the 
dough. 
The weighed flour and salt were sifted into the mixing bow I and 
the fat added. These ingredients were mixed for 3 minutes on first 
(slow) speed. Without stopping the machine, the flour and fat 
which tend to adhere and work up along the side of the bowl were 
scraped down with a spatula at 11/2 , 2 and 2V? minutes. (Duncan 
mixed for 3 minutes, stopped the machine and scraped down the 
flour mixture, then continued mixing for 1 minute longer.) At the 
end of 3 minutes the machine was stopped and the contents of the 
bowl again scraped down. The water was added and mixed for 30 
seconds at first speed. (Duncan, 40 seconds.) 
For all the mixing (except Duncan's) the bowl was tilted up by 
its handle so that the mixing would be more thorough. This practice 
was especially necessary with small mixes when only one· quarter 
of the basic formula was used and the pastry knife might not other· 
wise blend the ingredients efficiently. 
23Gold Medal 
24Courtesy of Swift and Company 
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After mixing, in order to have the dough cling together, the dough 
was kneaded into a ball with 10 motions of the hand. 
Rolling. Throughout the experiment, except in certain specified 
instances, the dough was rolled immediately after it was mixed. 
(Duncan let dough stand 10 minutes at room temperature, Lowe 
30 minutes.) While the first part of a mix was being rolled, the 
thermometer bulb was inserted into the remaining dough and the 
dough temperature noted and recorded. Bernds omitted a condi-
tioning period, as her preliminary investigations showed a tendency 
for pastry to become tougher when the dough was allowed to age 
before rolling. 
In order to provide test material of uniform thickness and width 
which is essential for breaking tests the dough was rolled between 
cleats of monel metal, 3/ 32 of an inch in height. To prevent the 
dough sticking to the rolling pin and board without the use of 
flour, it was rolled between two pieces of wax paper. Thus, the 
thickness of the dough was the height of the monel cleats minus 
two thicknesses of wax paper. The same kind and brand of wax 
paper was used throughout the study. 
After the dough was rolled the upper piece of paper was re-
moved. The dough was cut by means of a rectangular cutter, 1% 
by 2%, inches. All trimmings were removed from around the cut 
pieces and discarded. 
The pastries were then transferred to an aluminum baking sheet 
by inverting the lower piece of paper, pressing lightly so they 
stuck to the baking sheet, and then carefully removing the piece 
of wax paper. This procedure prevented undue stretching of the 
pastries from handling. 
After placing on the baking sheet the pastries were pricked to 
prevent excess blistering. The pricker was made by driving 42 naii~ 
at regular intervals % .inch apart into a board 3% x 2 x % inch. 
The nail points protruded Vs of an inch from the board. 
Baking. The gas oven used had a Lorain heat control which was 
used in regulating the gas flow. Thc oven temperature was deter-
mined by chemical thermometer with scale 2 degrees apart and 
easily read to 1 degree. The aluminum baking sheets had a ]/ 2-
inch rim at one end. It was found that the pastries baked more 
uniformly if this rim was placed squarely against the back of the 
oven, which prevented those in the back of the oven from becoming 
slightly browner than those in the front. The pastries were baked 
for 18 minutes at 175° C. (approximately 350° F.). 
Storage. After removal from the oven, the pastries were tranR-
fer red immediately to sheet wire cake racks upon which they were 
allowed to cool for 1 hour, after which the required force for 
breaking each pastry on the Bailey Shortometer was recorded. (AfLer 
cooling for 1 hour, Duncan stored the pastries for 48 hours in a 
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cabinet. The humidity of the cabinet was regulated by a 52 percent 
sulfuric acid mixture to give a relative humidity of 70 percent at 
24° C,) Bernds also used the same storage as Duncan for tests con-
cerning the effect of storage on breaking strength of pastries. 
EGGLESS COOKIES 
Mixing. Duncan's procedure is given, with whatever vanatIOns 
were used by others. The flat beater was used instead of the pastry 
knife. The fat was placed in the bowl of the KitchenAid and agio 
tated for 1 minute at second (medium) speed. The sugar was added 
and creamed 4 minutes (Lowe, 3 minutes). The material around 
the edge of the bowl and on the beater was scraped off. The water 
was added and blended for 5 seconds at first speed. Then 2/3 of 
the flour was added and mixed into the rest of the ingredients for 
1 minute on first speed. After the material around the bowl was 
scraped down, the rest of the flour was added and mixed 1 minute 
on first speed. (During the second year's work it was found that 
the breaking strengths of cookies within a mix were more uniform 
if after creaming the fat and sugar one-third of the flour and water 
were added and mixed for 1 minute on first speed. After the ma-
terial around the edge of the bowl was scraped down the remaining 
Hour was added and the mixing continued 30 seconds. Again the 
material around the edge of the bowl was scraped down and mix· 
ing continued for 30 seconds). 
Conditioning and rolling. After mixing, the dough was placed in 
an enamel bowl and the temperature recorded; then it was covered 
with wax paper and placed in a refrigerator. The cookie dough was 
less sticky and easier to handle if chilled prior to rolling. No tests 
were run to determine whether this aging and chilling of the dough 
increased or decreased the uniformity of the breaking strength of a 
mix. Duncan let the dough stand 30 minutes, its temperature after 
refrigeration usually being between 18° and 22° C. (For Lowe's tests 
it was chilled until the temperature reached 18°C.) 
Rolling and cutting. The procedure under pastry was followed 
for rolling and cutting. 
Bakif/"g. The cookies were baked 11 minutes at l700C. (approxi. 
mately 340°F.). The baking sheet was placed in the oven the same 
as for pastry. 
Storage and breaking. All cookies were stored for 48 hours in a 
cabinet, the relative humidity of which was kept at 70 percent at 
24° C, 
EGG YOLK AND WHOLE EGG COOKIES 
The procedure was the same as for eggless cookies, except after 
creaming the fat and sugar 3 minutes on second speed the egg yolk 
or whole egg was added and creamed 3 minutes. Then 1/ 3 of the 
flour and water was added. 
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DESIGN OF EXPERIMENTS AND TESTING DATA 
As the investigation proceeded the design and plan of units of 
work on the comparative shortening power of lards and other fats 
improved. 
The experiments were planned each year in cooperation with the 
Statistical Laboratory and the data obtained tested for significance. 
As different units of the investigation were carried out it was found 
that various heretofore unknown or previously untested factors af-
fected the results obtained. These data were then used in designing 
the experiments for the next year. Thus, it is not surprising that 
some of the data obtained during the early part of the investigation 
cannot be adequately compared with later data. 
Because of the nature of the materials (flour, milk, eggs, fat) 
used, it is almost impossible to exactly duplicate baked products. 
Some baked products, as far as can be shown by scores, are repli-
cates of each other, but others, even to an untrained person, are ob-
viously not duplicates of previous bakings. This is particularly 
noticeable in a foods class, when 18 students use the same recipe, 
the same weight of ingredients, ingredients from the same source, 
follow the same method of combining, but the results are 18 distinct 
baked products. Colloidal systems change with age, are affected 
by temperatures, manipulation, the order and extent of combining 
as well as by manner, time and temperature of baking. 
Knowing the limitations of the materials with which tests were 
to be made, it was not surprising in the preliminary work for thib 
investigation to find that one mix varied greatly from another, even 
with standardized procedure, and that the breaking strength of 
pastries or cookies made from a particular batch was much more 
uniform than was the breaking strength of pastries from different 
batches, even when the same fat was used throughout. Thus, to 
test the significance of differences in shortening power of different 
fats by analysis of variance, it was necessary to use the "mean 
square" between means of mixes rather than the "mean square" 
"within" mixes for the experimental error. See Snedecor (9), Ex-
ample 7, p. 47. 
It was thought that adding sugar to a pastry mix might increase 
the uniformity from mix to mix, hence fats were tested in cookies 
as well as in pastry. The addition of sugar did not increase the 
uniformity of the mixes, however, and added another ingredient that 
affected or modified the shortening po~er. In all, 106 fats were 
used in pastry and eggless cookies during 1932-33. The variation of 
the means of the mixes from the same fat, as determined by break-
ing strength and tested for significance by analysis of variance, was 
greater than for the breaking strength of cookies within a mix in 
many instances. For 47 of these mixes the differences were highly 
significant, for 10 fats significant and for the remaining 49 fats 
not significant. This suggested that improvement and change in 
19 
technic might improve the uniformity of the mixes. The order 
and procedure for combining were varied slightly with the result 
that for 1933-34 the uniformity within mixes was increased. Out of 
124 fats used during 1933-34 the means of the breaking strength of 
the mixes were less uniform than the cookies or pastries within the 
mixes of the same fat. They were highly significant for 98 fats, sig-
nificant for 12 fats and not significant for the remaining 14 fats. The 
uniformity between the mixes was not always tested in succeeding 
years. 
During 1932-33 the number of mixes for anyone fat was smaller 
than desirable for adequate comparisons. However, only a limited 
amount of some fats was available. During 1933-34 the technic 
for mixing was changed so that one-fourth of the formula could be 
combined on the mechanical mixer and vet have the mix as uniform 
throughout as when the full formula w~s used. After 1933-34 only 
one-fourth the formula was used for a given unit of a particular 
study or section and the number of mixes for a given fat increased. 
It was also found that the order of mixing should be rotated and 
for certain tests that each fat should be used once or a multiple 
number of times each day tests were run. 
Appropriate designs were planned to test dough age and other 
units of the study which involved portions or parts within a mix. 
RESULTS AND DISCUSSION 
TEMPERATURE RISE OF THE DOUGH DURING MIXING 
When the ingredients of a definite temperature were taken from 
the incubator and combined in a room the temperature of which was 
the same as that of the ingredients, the temperature of the dough for 
either pastry or cookies was higher than the original temperature 
of the ingredients, the rise being somewhat greater for pastry than 
for the cookies. This temperature rise was obtained by all opera-
tors, but only Bernds' results will be reported as they are typical 
of all others. 
For every mix four temperatures were recorded; the temperature 
of the room, the incubator. the fat and the dough after mixing. The 
temperature of the room, fat and the incubator remained, with very 
few exceptions, in the range 24° to 26°C. The ingredients were taken 
f rom the incubator just before mixing and their temperature is only 
important insofar as it affects the dough temperature. The tem-
perature of the dough was always somewhat higher than the tem-
perature of the room and the ingredients. The dough temperature 
varied from 25.5° to 29°C., except in those experiments where the 
temperature of the added fat was varied. The rise in temperature 
of the dough over that of the ingredients and environment may be 
attributed to several factors: 1. The mechimical friction in the mix-
ing bowl, 2. the heat of the operator's hand in kneading, and 3. the 
heat caused by chemical or physical reactions occurring in the dough, 
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which includes heat of absorption. The last is probably the factor 
causing the greatest rise in temperature of the dough. 
The frequency range of dough temperatures when the fat was 
added at room temperature and the temperature taken immediately 
after rolling is given in table 2. 
TABLE 2. PASTRY. FREQUENCY AND PERCENTAGE DISTRIBUTION OF 
DOUGH TEMPERATURE. 1936-1397. (BERNDS.) 
Dough temperature 
degrees C. 
Total 
26.6 
26 
26.5 
27 
27.5 
28 
28.6 
29 
Number of mixes 
1 
7 
6 
125 
110 
89 
U 
8 
357 
Percentage of mixes 
0.3 
2.0 
1.6 
34.5 
30.8 
24.9 
3.6 
2.3 
100.0 
With the same range of room, ingredients and incubator tempera-
tures, the dough in the larger mixes tended to become warmer. The 
explanation may be that the heat evolved in mixing was retained 
better in larger mixes. The difference certainly was not caused by 
the heat of the operator's hand in kneading, since the same amount 
of kneading was given to all sizes of mixes, and on this basis the 
s~aller mixes would be expected to show the greater temperature 
rIse. 
EFFECT OF MANIPULATIVE AND TECHNIC PROCEDURES ON TEN· 
DERNESS OF PASTRY AS DETERMINED BY BREAKING STRENGTH 
An important consideration from the standpoint of experimental 
design and tests and also for home use is the effect of varying 
manipulative and technic procedures during mixing, baking and 
storage of products. The answer to these questions is important in 
experimcntal investigations. For if manipulative procedures cause 
variation in breaking strength, then for comparative results the 
technic and procedure used should be standardized. The answer to 
these questions will not only give a basis for planning tests but may 
yield knowledge that will aid the homemaker in obtaining more 
palatable products. 
Nohle, McLaughlin and Halliday (16) have reported that certain 
manipulative factors influence the breaking strength of sugar wafers. 
A modified shortbread. a formula containing the same ingredients 
as pastry (they used a hydrogenated lard), plus sugar was used for 
these tests. Briefly their conclusions follow: 
Creaming the fat and sugar to the maximum creamed volume 
slightly but significantly increased the breaking strength more than 
did creaming to a minimum volume. the difference in breaking 
strength being 2.5 ± -0.13 ounces. Thorough mixing in contrast ·to 
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slight mixing of the dough had the same effect, the difference being 
3.6 -+- 0.12. When no flour was used for rolling (rolled between 
wax papers) markedly tenderer wafers were produced with the 
breaking strength only a little more than half as great as rollin'" 
with the minimum amount of flour necessary to prevent sticking t~ 
the board and rolling pin, 15.7 as against 2B.1 ounces. Beating 
extra flour into the dough gave a tenderer product than using this 
extra flour in rolling but a less tender one than when omitting it 
altogether. 
Denton, Gordon and Sperry (5) have reported that conditioning 
or ripening of the dough between manipulations seemed to increase 
rather than decrease the variability among duplicates and replicates. 
Throughout the present study one is constantly impressed with 
the effect of technic upon breaking strength of pastries and cookies. 
Even when mechanical mixers operated at constant speed are used, 
with the ingredients at constant temperature, and all other conditions 
standardized the doughs are not mixed identically. The dough for 
one lot may tend to cling longer to the beater, whereas for another 
it may be thrown against the sides of the bowl to a greater extent. 
Probably because of the result of manipulative factors, even with 
a mechanical mixer, erratic and unexplainable results are sometimc8 
obtained. Note, table 1B, that the results for the lards without oleie 
acid do not have the same progressive gradations in breakillg 
strength as shown in table 17. Yet the same lards were used in the 
two series. In one instance the mean breaking strength of the eight 
mixes ranks the lard as seventh of a group of lards in shortening 
value. Yet the results of the duplicate tests with the same lard plat::e 
it as twelfth in rank, table 2B. In the last case, however, mixes of 
all fats were not made on the same day nor rotated in order of 
mixing. 
VARYING TIME OF MIXING THE FAT WITH THE FLOUR 
Since the area of the flour covered by the fat is of primary im-
portance in determining shortening power, the length of time of 
mixing the fat with the flour and salt was varied to show the effect 
of 3 half-minute intervals (2.5, 3 and 3.5 minutes) on the break-
ing strength of the resulting pastry. 
Bernds used a Prime-steam rendered lard and a hydrogenated fat 
in this unit of the experiment, 10 mixes being made of each fat for 
each variation. The results are given in table 3. 
TABLE 3. MEANS OF BREAKING STRENGTH (OUNCES) OF PASTRY WHEN 
THE LENGTH OF TIME FOR COMBINING THE FAT WITH THE FLOUR IS 
VARIED. (EACH FIGURE THE MEAN OF 10 MIXES. ]00 PASTRIES. BERNDS.) 
Fat Mixed Mixed Mixed 2.5 min. 3 min. 3.5 min. 
Prime-steam lard 8.-44 7.88 7.93 
Hydrogenated lard 11.15 1l.01 10.04 
22 
These data, table 3, show that, in general, as the time of mixing 
the fat with the flour was increased, the shortening power is like· 
wise increased. Another interesting point is, that as the time interval 
for mixing increased, the shortening value of the hydrogenated lard 
continued to increase, whereas with lard the shortening value in· 
creased when the time interval of mixing the flour and fat was in· 
creased to 3 minutes but remained constant, even decreased slightly, 
when the time interval increased to 3.5 minutes. The reason for 
this is probably connected with the consistency of the fat and thus 
the extent to which it can coat the flour particles in a given interval 
of time. Thus, Prime· steam lard being softer than the hydrogen. 
ated lard, had as thoroughly coated the flour in a 3·minute interval 
as in 3.5 minutes. But, the harder fat, the hydrogenated lard, needed 
the longer period to reach the point where the flour was sufficiently 
coated to yield the greatest shortening power. 
TABLE 4. ANALYSIS OF VARIANCE OF BREAKING STRENGTH OF PASTRY 
WHEN THE TIME FOR COMBINING THE FAT WITH THE 
FLOUR IS VARIED. (BERNDS.) 
Sonrce of variation 
Fats 
Time of mixing 
Fat x time (interaction) 
Between mixes of same fat and time 
(e~ror) 
Within mixes 
·-Highly significant. 
·Significant. 
Degrees of freedom 
1 
2 
2 
54 
540 
M.ean square 
1054.7--
33.2-
13.0 
10.9 
3.9 
The analysis of variance, table 4. showed that the difference in 
breaking strength of the lard and hydrogenated lard were highly 
significant, whereas that caused by the different time intervals of 
combining was significant. 
A study of the individual mean squares within the mixes of each 
fat and each treatment was made, since these figures would give 
indication of variation of the breaking strength of pastry within one 
treatment as compared to that within another treatment. The mean 
squares, all with 90 degrees of freedom, are as follows: 
Prime·steam rendered lard: 
2.5 minutes ..................... ___________________ 2.72 
3.0 minutes _______________________________ ___ ______ 2.54 
3.5 minutes ________________________________________ 2.37 
Hydrogenated lard: 
2.5 minutes ________________________________________ 6.09 
3.0 minutes _____________________________________ . __ 3.96 
3.5 minutes __________ . ________ . ______ . _____________ 5.52 
The fact that the breaking strengths of the lard pastries were less 
variable than those of the hydrogen~ted lard_ pastries may be in!er' 
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preted to mean that a shorter mixing time of the lard with the flour 
was sufficient to produce pastry of a certain uniformity. The mean 
squares for the variations of treatment under lard do not differ 
significantly. For the hydrogenated. lard pastry there seems to be 
no definite trend. The increase of the mean square between 3 and 
3.5 minutes is not what would be expected, since it might be thought 
that with longer mixing of the fat with the flour, which produces 
more tender pastry, the fat would be more uniformly distributed 
and the breaking strength more uniform. 
The results of this unit have shown that increasing the degree of 
mixing the fat with the flour will increase the shortening power of 
a fat, as determined by breaking strength, until a certain optimum 
mixing time is reached, which will be different for each fat, depend-
ing upon its consistency at the temperature of mixing. 
EFFECT OF VARYING THE LENGTH OF TIME FOR MIXING WATER 
WITH THE FLOUR 
It is a well known fact that increasing the time for mixing the 
water into a pastry dough beyond a certain point will decrease the 
tenderness and quality of pastry. 
Originally it had been planned to test the effect of this technic on 
one fat, namely the Prime·steam rendered lard used in all other 
manipulative technics. A limited amount of the hydrogenated lard 
remained by the time this part of the study was undertaken (enough 
had not been purchased for all these experiments), and it was 
thought that even though this hydrogenated lard would not be 
sufficient to make the usual 10 mixes per variation per fat, enough 
mixes could be made to determine whether or not hydrogenated 
lard would react to the treatment in about the same manner as 
the Prime-steam rendered lard. 
TABLE 5. MEANS OF BREAKING STRENGTH (OUNCES) OF PASTRY WHEN 
THE LENGTH OF TIME FOR MIXING THE WATER WITH THE FAT-FLOUR 
MIXTURE WAS VARIED. (EACH FIGURE FOR LARD IS THE MEAN OF 10 
MIXES. 100 PASTRIES; EACH FIGURE FOR HYDROGENATED LARD IS THE 
MEAN OF 4 MIXES, 40 PASTRIES. BERNDS.) 
Fat Water mixed Water mixed Water mixed 15 sec. 30 sec. 45 sec. 
Prime-steam rendered lard 7.34 8.68 9.10 
Hydrogenated lard 9.01 10.77 12.21 
The means, table 5, reveal that the breaking strength of pastries 
for both fats increased as the length of time for combining the 
water with the fat-flour mixture was increased. 
The analysis of variance, table 6, showed that both the kind of 
fat and the length of time of combining the water with the flour 
mixture affected the breaking strength, and the differences due to 
these two factors were highly significant. 
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TABLE 6. ANALYSIS OF VARIANCE OF BREAKING STRENGTH OF PASTRY 
WHEN THE TIME FOR COMBINING WATER WITH THE FAT-FLOUR MIXTURE 
IS VARIED. (420 PASTRIES. BERNDS.) 
Source of variation Deg rees of freedom Mean square 
Fat 
Time used for mixing in water 
fat x time (interaction) 
Between mixes of same fat and time (error) 
With mix 
" Highly significant. 
· Significant. 
1 
2 
2 
36 
278 
450.2** 
171.0" 
15.7' 
4.6 
3.3 
The mean square for interaction, 15.7, or the figure which in this 
case measured the consistency with which the two fats reacted 1.0 
the treatment, was significant but not highly so. This variation in 
the manner in which the two fats reacted was further shown by . the 
mean breaking strengths, table 5, which shows that the mean break-
ing strength of pastry made with hydrogenated lard increased much 
more when the time interval was changed from 30 to 45 seconds 
than did the lard pastries with the same time intervals. Perhaps 
the pastry made with hydrogenated lard, because this fat was firmer 
and does not coat the flour particles as quickly as the lard and form 
as thin films over it to protect it to the same degree from the action 
of the water on the gluten, cannot tolerate over.mixing after water 
has been added as well as can the lard pastry. It is conceivable 
that a flour particle thoroughly coated with fat or oil would not be 
as pervious to water, and its gluten would not be so likely to be-
come hydrated and "developed" ·as a flour particle free of fat or oil. 
The fact that marked differences can be shown in the shortening 
power of a single fat by varying the procedure in such a way that 
Lhe hydration of the gluten is affected is shown in more than one 
unit of this study, perhaps most clearly in the present instance, 
when the increased time for hydration, as well as the increased op-
portunity for the contact of the flour and water by longer mixing 
have resulted in tougher pastry. 
Again the mean squares within the mixes ' were determined for 
each time variation: 
Prime-steam rendered lard (90 degrees of freedom) 
15 seconds_ ....... ................... .... ........ ... 2.53 
30 seconds ......... ........ ................... ..... .3.01 
45 seconds .. ..... ............ ........... ..... .... .. . 3.41 
Hydrogenated lard (36 degrees of freedom) 
15 seconds .. ....... ... .... ....... ................... 3.17 
30 seconds ..... ....... ............................. . 2.33 
45 seconds .. ..... ......... ............... .. ......... 7.34 
With lard, the only significant .oF" value was found by compar· 
ing the mean square at 15 seconds with that at 45 seconds. This 
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value was significant but not highly so. It suggests a tendency for 
the breaking strength of lard pastry to become less uniform on 
longer mixing of the dough after adding the water. With the hydro-
genated lard pastry, although uniformity was slightly increased 
when the time interval was increased from 15 to 30 seconds, there 
was no significant increase. However, by comparing either of the 
first two figures (for 15 and 30 seconds) with the last one (for 45 
seconds) a highly significant difference was found, which indicates 
that hydrogenated lard pastries tended to become less uniform as 
the time interval for combining the water in the dough was con-
tinued beyond a certain point. 
The appearance of the dough \lllder the different conditions of 
mixing indicated that the decreased shortening power was caused 
by the excessive development of the gluten. When the dough, in 
which the water had been combined only 15 seconds, was kneaded, 
it was crumbly and soft in texture and quite often felt slightly wet 
to the hand. Mixing 30 seconds produced a more elastic dough and 
one in which the water seemed to have been well absorbed. This 
elastic quality was increased when the water was combined for 45 
seconds; the hydrogenated-lard dough especially seemed to become 
hard and rubbery at this point. 
The change in the shortness of the product that can be produced 
by varying the time used in incorporating the water in the dough 
seems directly due to hydration of the gluten of the flour. Perhaps 
the fact that with both lard and hydrogenated lard the uniformity 
of the breaking strengths of the pastry mixes seems to be lessened 
when the time interval is increased to 45 seconds is also due to 
some action on the gluten, such as the formation of gluten strands 
in an uneven manner throughout the dough. 
DOUGH AGE 
If the dough is aged or "conditioned" will the pastries or cookie.> 
be more uniform in structure and thus in breaking strength than 
when the dough is rolled and baked immediately after mixing? 
This is a pertinent procedure question for experimental tests of th(· 
type herein reported. Also, many homemakers for convenience 
allow pastry dough to stand for a day or longer, usually in the 
refrigerator. Will this aging of the dough produce tenderer or 
tougher pastry? 
Bernds followed the standard procedure in these tests, except for 
the length of time between mixing and rolling the dough. The full 
recipe was used in each mix, and after kneading the dough was 
divided into four approximately equal parts. The parts not rolled 
immediately were placed in enamel bowls, covered with wax paper 
and stored in the incubator at a temperature of 25°C. until the 
desired storage time had elapsed. The results are shown in table 7 . 
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TABLE 7. MEANS OF BREAKING STRENGTH (OUNCES) OF PASTRY FROM 
DOUGHS OF VARIOUS AGES. (EACH FIGURE THE MEAN OF 
10 MIXES, 100 PASTRIES. BERNDS.) 
Rolled Rolled Rolled Rolled Fat immediately after after after 30 min. 2 hrs. 24 hra. 
Prime-steam lard 8.10 9.77 11.12 10.54 
The dough rolled immediately was tenderer than that rolled after 
standing for the three storage periods, although the dough rolled 
after 24 hours' storage was tenderer than that aged 2 hours. 
In the analysis of variance for "Dough age," table 8, the nature 
of the experiment has made available a more precise estimate of 
experimental error. In most of the statistical analysis in this work, 
the experimental error has been the mean square showing the vari-
ation between mixes. However, owing to the fact that the variation 
between parts of mixes was being studied rather than between 
whole mixes, the source of variation labelel "dough age x mix" 
which measures the consistency with which each mix reacts to the 
variation of time interval before baking, is the appropriate estimate 
of the experimental error. 
The varying lengths of time the dough was allowed to stand, 
table 7, produced highly significant differences in the breaking 
strength of pastry. 
For experimental studies it is important to know whether the 
pastries are more or less uniform in breaking strength after the 
dough has aged. In order to determine this fact the mean squares 
within the mixes for each variation were calculated: 
Prime-steam lard pastry (each mean square having 90 
degrees of freedom) : 
Rolled immediately after mixing ............ 2.32 
Rolled 30 minutes after mixing ................ 3.12 
Rolled 2 hours after mixing ............. __ ..... 4.60 
Rolled 24 hours after mixing .................... 3.67 
A comparison of these mean squares and determination of their 
"F" value showed that there was a significant tendency for the 
TABLE 8. ANALYSIS OF VARIANCE OF BREAKING STRENGTH OF PASTRY 
FROM DOUGHS OF VARIOUS AGES. (400 PASTRIES. BERNDS.) 
Source of variance 
Time dough stands or dough age 
Between means of mixes 
Dough age x mix (error) 
Pastries within mix 
-Significant 
--Highly significant 
Degrees of freedom Mean square 
3 
9 
27 
360 
172.4--
21.2-
8.4 
8.5 
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pastries Jo become less uniform in breaking strength as the dough 
aged up to and including 2 hours. When the time interval between 
mixing and rolling was increased to 24 hours, there was a drop in 
the variance, although as compared with the mean square at 2 hours, 
the decrease was not quite significant. 
In several cases in which the uniformity of mixes under different 
variations of treatment have been studied, there seems to have been 
a tendency for an increase in uniformity to accompany a decrease 
in breaking strength. In this study on dough age the figures show 
this trend and also in the study of the effect of varying the extent 
or length of time of mixing the water into the flour-fat mixture. 
This fact suggests that the same effect on the gluten that lessens 
tenderness may concurrently produce a less uniform pastry. 
The breaking strength decreased from 11.12 ounces at the end of 
the 2-hour storage period to 10.54 ounces when a 24-hour time 
interval was employed. Assuming that a decrease in breaking 
strength after standing 24 hours is not attributed to conditioning of 
the dough, their decrease in breaking strength might be caused by 
a loss of moisture. The evaporation accompanying the overnight 
storage amounted to about 1.17 percent of the total weight of the 
dough or about 8 percent of the added water. It is possible that 
the loss of this amount of moisture might counteract to some ex-
tent the process causing the pastry to become harder to break. If 
enough moisture evaporates so that the dough becomes crusty and 
hard, the toughness of the pastry might increase; this was the case 
in the preliminary work of Bernds when a smaller amount of 
liquid was used in the formula. Some other factor, however, such 
as a change in the distribution of water in the dough may have 
been responsible. The gluten probably absorbs most of the water 
at first, but in the course of 24 hours some of the water in the 
gluten-water system may be given up in favor of a starch water 
system. Newton and Cook (15) have shown that starch may absorb 
as much as 30 percent of its weight in water at a cool temperature. 
Approximately 65 percent of flour is starch. 
The dough which was rolled immediately after mixing felt soft 
and tender and was rather easily broken, whereas the dough which 
had stood varying lengths of time was firmer, more elastic and held 
together better. It seems that aging of the dough served to allow 
the gluten to become hydrated, swollen and more coherent, so that 
the tenderness of the pastries was lessened. 
EFFECT OF VARYING THE TIME INTERVAL BETWEEN BAKING AND 
BREAKING STRENGTH TESTS 
PASTRY 
Bernds used three fats in this unit of the study, a Prime-steam 
rendered lard, a hydrogenated lard and a rancid hydrogenated lard. 
The rancid fat, about 2 years old at the time of its use, had been 
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stored at room temperature and was decidedly tallowy and rancid 
in odor. It appeared to be somewhat softer than the fresh hydro-
genated lard. 
The use of the rancid fat offered a good opportunity to determine 
whether the products of oxidative decomposition, that is the split-
ting of the hydrocarbon chain with the development of aldehydes. 
ketones, etc., or an increase in the number of polar groups of the 
fat, would alter its shortening power. Several factors might affect 
the results. In the preparation of pastry, some of the products 
causing rancidity would volatilize during the mixing and baking 
process. Hence, any increase in the shortening power because of 
the increased polar groups might be offset by the loss through 
volatilization of part of the products causing rancidity. The situa-
tion is further complicated by the fact that some of the decomposi-
tion products may be soluble in water and may go into solution 
instead of acting as a pure fat does, i. e., being absorbed and form-
ing films throughout the dough. The fact that the number of double 
bonds might be lessened since these are the most unstable part of 
the molecule also causes complications. Sullivan, Near and Foley 
(20) have shown that when the free unsaturated fatty acids become 
oxidized they have a damaging effect on the baking strength of 
flour, causing a loss of elasticity and increasing crumbliness. Hence, 
the presence of increased quantities of free fatty acids in a fat, 
whether by hydrolysis or other means such as might occur in de-
velopment of rancidity, may increase the tenderness of pastry. The 
percentage of free fatty acids in all samples of fresh hydrogenated 
lard used in this laboratory was low. In this instance, table 9, the 
percentage of free fatty acids in the rancid fat, although about three 
times as great as in the fresh hydrogenated lard, was less than one-
half that of the lard. What the additive effect of all of these factors 
would be on the resulting tenderness of pastry was doubtful. 
Roschen and Newton (18) have shown that a rancid lard may be 
restored to palabability by blowing steam through it at lOOoe. and 
removing the volatile products of oxidation which are responsible 
for the objectionable taste and odor. Would enough of these oxida-
tive products volatilize during mixing and baking to obtain a palat-
able product? 
The chemical and physical constants of these fats are given in 
table 9. 
Examination of the data, table 9, shows many interesting facts 
about the three fats. The iodine number of the lard is the highest. 
It is the least saturated and the softest of the three fats. The origi-
nal iodine number of the rancid hydrogenated lard would need to 
be known before one could make an exact comparison, but the lower 
value for this rancid fat than that for the fresh hydrogenated lard 
suggests that the rancidity has been accompanied by an increase 
in, saturation. The free fatty acid value of the lard is possibly 
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TABLE 9. PHYSICAL AND CHEMICAL CONSTANTS OF LARD. HYDROGEN-
ATED LARD AND RANCID HYDROGENATED LARD USED IN DIFFERENT 
UNITS OF BERNDS' STUDY. (DETERMINATIONS MADE BY B. DEMORATSKY 
OF FOOD CHEMISTRY DEPARTMENT.) 
Free 
Iodine Congeal. fatty Smoking Perox- Melting Refrac-Fat no. ing acid~ point ide point tiv8 point a~ no. index 
oleic 
--- ---
- --
(Wijs) ·0. percent ·C. ·C. 40·C. 
Prime steam ( I lard 69.75 25.2 0.554 174 3.5 42.8 1.4599 Hydrogenated 
lard 
l 
52.43 29.5 0.077 230 0.875 47.5 1.4590 
Rancid hydro-
genated lard 59.67 32.3 0.213 220 38.25 48.75 1.4588 
higher than it should be for a good market grade of lard. It had 
a good odor, however, and neither tasted nor smelled rancid. That 
the rancidity of the rancid hydrogenated lard was not due to the 
free fatty acids was shown by the fact that the percentage of free 
fatty acids of the rancid fat was even lower than that of the lard. 
The peroxide value of the rancid fat is many times greater than 
that for either of the other fats; it exceeds by a wide margin tht: 
peroxide number of 20 for lard, which is set by King, Roschen and 
Irwin (11) as the point where organoleptic rancidity of lard be· 
comes evident. 
Procedure. The standard procedure, except for rolling and time 
intervals for breaking, was followed. One and one·fourth times 
the regular recipe was mixed in each batch. Previous work had 
shown that the breaking strength of pastry decreased by allowing 
the dough to age before it was rolled. Hence, to equalize as much 
as possible the conditions operating in this unit of the experiment, 
the dough was allowed to stand 5 minutes. It was then divided into 
five approximately equal parts, the parts labeled A, E, C, D and E, 
which were to be broken after baking at intervals of 30 minutes, 1 
hour, 2 hours, 3 hours and 24 hours, respectively. The order of 
rolling was rotated so that in the first mix the parts were rolled in 
the order A, E, C, D and E; in the second mix, E, C, D, E and A 
and so forth . Thus, the advantage that might occur from being 
rolled first was distributed as evenly as possible among the series. 
The pastries which were to be broken at time intervals greater 
than 1 hour after baking were stored, after cooling for 1 hour, ill 
a constant humidity chamber (70 percent relative humidity at 24°C.) 
until time for the breaking tests. 
The results. The breaking strength of the pastries tended to in · 
crease as the time interval after baking was increased up to 3 hours. 
In all cases, however, the breaking strength decreased somewhat 
after a 24-hour interval as compared with the breaking strength3 
after 3 hours. See table 10. 
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TABLE 10. MEANS OF BREAKING STRENGTH (OUNCES) OF PASTRY FOR 
FIVE TIME INTERVALS BETWEEN BAKING AND BREAKING. (EACH FIGURE 
THE MEAN OF BREAKING STRENGTHS OF 10 MIXES. 100 PASTRIES. EX-
CEPT THOSE IN THE LAST COLUMN WmCH ARE 
MEANS OF 500 PASTRIES. BERNDS.) 
I 
Broken Broken Broken Broken Broken 
Fat 30 min. 1 hr. 2 hI'S. 3 hrs. 24 hrs. after after after after after 
baking baking baking baking baking 
Lard I 8.34 8.38 8.60 8.56 8.26 
Hydr , genated I 
lard 10.32 11.,9 11.92 12.60 11.34 
Rancid hyd 1'0- ! 
generated lard 9.96 11.80 11.93 11.26 10.82 
[Mean of 
all vari-
stions 
8.67 
11.59 
11.15 
The mean square, 16.5, table 11, in comparison with other "errors" 
in other parts of this study is large but is to be expected in view of 
the manner in which the portions of the mix were rotated in order 
of rolling. 
The variations in breaking strength due to the different fats and 
the different time intervals were both highly significant. That the 
variation of time interval reacted in about the same manner with 
all fats is shown by a comparison of the figure for interaction with 
the error figure; these figures do not differ significantly. 
The decrease in breaking strength after the baked pastries had 
stood overnight in the constant humidity chamber occurred with all 
the fats employed. The significance of this decrease has not be~n 
tested, but a downward trend at this point seems likely in view of 
the changes which have been observed in baked pastry after storage. 
It was noted of the pastry made in this study as well as in home-
made pastry, that after the 'baked product has aged about 24 hours 
it becomes rather soft, soggy and moist, the degree of this softening 
depending upon the weather conditions or the humidity. During the 
24-hour storage in the cabinet at 70 percent humidity the pastries 
probably ffbsorbed some moisture and this may have aided in caus-
ing the increase in tenderness. 
Another factor, and at 70 percent humidity probably a more im-
TABLE 11. ANALYSIS OF VARIANCE OF BREAKING STRENGTH OF 
. PASTRY MADE FROM LARD. HYDROGENATED LARD AND RANCID HYDRO-
GENATED LARD WHEN THE TIME INTERVAL BETWEEN MIXING AND 
ROLLING IS VARIED. (150 PASTRIES. BERNDS.) 
Source of variation 
Between fats 
Time intervals before breaking 
Fat x time (interaction) 
Between means of mixes of same fat 
Mix x time for same fat (error) 
*';' Highly significant 
Degrees of 
freedom 
2 
4 
8 
27 
108 
Mean 
squaro 
1241.7** 
120.0" 
20.8 
32.8 
16.5 
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portant one than absorption ;of water by the starch, is the pulling 
apart or retrogradation of the starch granules in staling, which may 
have affected the shortening value of the pastry upon standing over· 
night. 
Bernds states that as her tests of comparing the shortening power 
of fats in pastry progressed, the more convinced she became that 
breaking strength or shortness of a pastry, although one of the 
important factors for pastry quality, is not the only desirable prop· 
erty. Flavor, flakiness and a certain kind of crispness that accom· 
panies freshness of pastry also are to be sought. 
In this instance, the decrease in breaking strength after 24 hours 
storage does not indicate that the quality of the pastry improveJ 
but rather that a slight gain in tenderness was made at the decrease 
of other important qualities, the crispness and freshness, so that the 
quality of the pastry as a whole has deteriorated. 
With the rancid hydrogenated lard, the net effect of the rancidity 
was a slight decrease in the shortening power over that of the fresh 
hydrogenated lard. An exact comparison of the fresh and rancid 
hydrogenated lards, however, should entail a knowledge of the 
shortening value of the rancid fat before it had become rancid. The 
decomposition products causi.ng organoleptic rancidity had not vola· 
tilized sufficiently during the mixing and baking process to render 
the baked product palatable. 
ECCLESS COOKIES 
For these tests Lowe used only an open.kettle rendered commercial 
lard. The procedure was standardized and similar to that of Bernds 
except that the intervals for breaking after baking were 30 minutes, 
2 hours, 4V:? hours and 24 hours. 
Although the breaking strength of the cookies increased up to 
4% hours aging after baking and decreased slightly after 24 hours, 
unlike the results with pastry, the analysis of variance showed the 
time intervals employed gave no significant differences in breaking 
strengths. 
This result, as that with pastry, from observations of 'behavior of 
similar household products, might be expected. Cookies tend to 
remain crisp for longer periods after baking than pastry. The egg· 
less cookies contained sugar, and at 70 percent relative humidity 
cookies tend to stay crisp and fresh much longer than does pastry. 
TABLE 12. MEANS OF BREAKING STRENGTH (OUNCES) OF EGGLESS 
COOKIES FOR FOUR TIME INTERVALS BETWEEN BAKING AND BREAKING. 
(,EACH FIGURE THE MEAN OF 16 MIXES, 20 COOKIES PER MIX. LOWE.) 
Broken 30 Broken 2 Broken 4lh Broken 24 
Fat min. after hrs. after brs. after hra. after 
baking baking baking baking 
()pen-kettle rendered lard 16.47 16.83 17.33 18.56 
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Evidently the difference in ingredients, in this instance the sugar, 
is the factor responsible for the variation in results. 
DAY TO DAY VARIATION 
Uncontrolled observations during the work of the 2 preceding 
years gave some indication that the mixes of pastry and cookies 
might vary from day to day because of uncontrollable inherent 
difference in days, for example, humidity, barometric pressure and 
other factors. 
To test this an experiment was planned. Only 11 fats Iwere used, 
so that each fat could be combined in one mix every day the tests 
were run, in this instance 25 days. In addition, the order of mixing 
was rotated, so that no one fat was used for the first mix each day. 
With this plan not only differences in shortening values lof the fats 
could be determined, but the variation due to differences in days 
could be segregated. For each mix 10 pastries were broken and 
the mean determined. The average breaking strength of the 25 
means for pastry with the chemical and physical constants are given 
in table 13. For eggless cookies the breaking strength and the aver-
age creamed volume of 25 grams of the fat and sugar after cream-
ing 3 minutes are given in table 15. 
Because the breaking strength of the butter pastries was so much 
greater than that of the other fats, two analyses of variance were 
made; one including, the other excluding, the data for butter. The 
conclusions were the same, hence only the one including the butter 
is reported. 
Both the kind of fat used and the "day" affected the breaking 
strength of the pastry to a highly significant degree. The fats used 
had a greater effect than the "day." The highly significant mean 
TABLE 13. PASTRY. THE BREAKING STRIDfGTH OF P.A.sTRIES MADE 
FROM 11 COMMERCIAL FATS AND OILS AND SOME CHEMICAL AND PHYSI-
CAL CONSTANTS OF THESE FATS. (EACH FIGURE FOR BREAKING STRENGTH 
IS THE MEAN OF 25 MIXES, JO PASTRIES PER MIX. 1934-35. LOWE.) 
Breaking Iodine Free fatty Refrac-Melting tive Peroxide Fat strength no. acids as point index .at value (Wijs) oleic 40' C. 
---
Ot. percent ·C. 
-
Drip rendered lard, III 5.78 62.47 0.079 46.1 1.4597 1.90 
Corn oil, II 5.84 126.50 0.170 Liquid 1.4676 8.6 
Drip r endered lard, II 6.10 67 .67 0.107 46.1 1.4600 25.70· 
Prime steam lard, III 6.23 65.36 0.480 47.8 1.4598 1.44 
Prime steam lard, II 6.31 63.45 0.360 44.6 1.4597 0.86 
A. H. open kettle lard 6.88 70.17 0.280 45.0 1.4602 1.72 
Open kettle lard, II 7.48 63.27 0.45 45.4 1.4597 0.96 
Open kettle lard, I 7.58 63.72 0.27 46.5 1.4598 1.92 
Hydrogenated cottonseed oil 8.85 75.05 0.06 45.9 1.4616 4.80 
Hydroge'lated lard 8.89 61.24 0.065 48.8 1.4596 1.72 
Butter 15.49 32.61 0.55 35.0 1.4544 0.40 
'Through an error the sample of Drip rendered lard, Lot II, was sent to the 
Chemistry Department several weeks after the culinary tests had been completed and 
after the samples of other fat had been analyzed. In the meantime it had been 
standing in an open bowl in a warm room. This accounts for the peroxide value. 
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TABLE 14. THE ANALYSIS OF VARIANCE OF BREAKING STRENGTH OF 
PASTRIES, INCLUDING BU'ITER. (LOWE.) 
Source of variation 
Between means of fats 
Between means of days 
Remainder 
··Highly significant 
Degrees of 
freedom 
10 
24 
240 
Mean 
square 
149.9·· 
3.1·· 
1.0 
square, 3.1, table 14, between means of days shows the mixes did 
not behave alike on different days, yet in general all the mixes of 
the different fats responded alike to this particular factor on the 
day they were mixed, whatever it was, humidity, barometric pres-
sure, slight unconscious variations in the operator's technic or un· 
known factors. 
Similar results were obtained in the analysis of variance of 
breaking strength of eggless cookies, the means for which are given 
in table 15. Both the fats used and "days" ,had a highly significant 
effect on the breaking strength of eggless cookies. 
These results have a practical significance. In testing for small 
differences or more discriminating tests of shortening power as de· 
termined by breaking strength, at least one mix or a multiple num· 
ber of mixes of each fat should be made each day that tests are 
conducted. 
Another point of interest, table 13, is the fact that this is the 
first time in any of our series of tests that tenderer pasteries were 
obtained with a lard than with oil. 
EFFECT OF 3 MINUTES' CREAMING UPON BREAKING 
STRENGTH OF EGGLESS COOKIES 
Eggless cookies were used for this unit. The fat was agitated 
for 1 minute on second speed of the KitchenAid. The sugar was 
then added and creamed 3 minutes and the ·volume of 25 grams of 
the creamed mixture determined. 
The analysis of variance showed that the differences in creamed 
volume i(the means are given in table 15) for the different fats were 
highly significant as was also the breaking strength of the cookies 
made from the different fats. The covariance analysis indicated a 
negative trend, in that greater creaming volume tended to accompany 
cookies having a lower breaking strength, but none of the results 
was significant. This is not to be interpreted to mean that the 
amount of air incorporated in creaming might not be sufficient to 
produce significant differences in breaking ,strength. In fact, Noble 
et al (16) have reported that creaming to maximum volume does 
affect the breaking strength. But under the conditions of this experi· 
ment, i. e., a 3·minute creaming period at 24° to 25°C., no significant 
differences were obtained. It has been shown by creaming tests that 
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TABLE 15. EGGLESS COOKIES. THE BREAKING STRENGTH OF COOKIES 
FROM 11 COMMERCIAL FATS, WITH THE IODINE NUMBER AND THE 
CREAMED VOLUME OF THE FAT AND SUGAR AT THE END OF 3 MINUTES 
CREAMING. (EACH FIGURE FOR BREAKING STRENGTH IS THE MEAN OF 
25 MIXES AND 10 PASTRIES PER MIX. THE CREAMED VOLUME IS AVER-
AGE FOR 25 MIXES. 1934-35. MINARD.) 
Iodine Volume of 25 grams Breaking Fat no. of creamed mixture strength (Wijs) in ce. 
Oz. 
-
Drip rendered lard, III I 13.72 I 62.47 30.5 Drip rendered lard, II 14.04 67.67 30.2 
Prime steam lard, II 14.55 63.45 29.5 
A. H. open kettle lard 14.67 70.17 23.7 
Prime steam lard, III 14.89 65 .36 27.4 
Open kettle lard, I 14.97 63.72 24.8 
Hydrogenated lard 15.22 61.24 35.0 
Hydrogenated cottonseed oil 15.27 75.05 28.4 
Open kettle lard, II 15.40 63.27 26.1 
Corn oil 16.28 126.50 ...... 
Butter 16.78 32.61 28.1 
a longer time than 3 minutes IS required for obtaining maximum 
creamed volume. 
TEXTURE AND TEMPERATURE OF THE LARD 
SMOOTH VERSUS GRAINY 
Some previous experience suggested that the texture of the lard, 
whether smooth or grainy, might have some influence on the way 
the lard coats the flour particles or mixes with the other ingredients. 
To test this, Lowe melted one open kettle rendered, one Prime·steam 
rendered, one drip.rendered and an A. H. open.kettle rendered lard. 
One·half of each lard was cooled very rapidly by pouring into a 
container surrounded by ice and water. The lard was stirred, which 
hastened cooling. This was the first experience in making a smooth 
lard, and later results and information indicated that it was cooled 
too rapidly, which made the texture firmer and more wax·like than 
the commercial smooth lards. The other half of the lard was 
allowed to sit in an incubator overnight at 25PC. The next morn· 
ing it was removed to the room but held at 25°C. throughout the 
day, but the room temperature dropped during the following night. 
This produced a very granular lard from which large quantities of 
oil separated at 25°C. 
Each fat was used in 25 mixes and 10 pastries were broken from 
each mix. The average breaking strength of 25 means for each fat 
follows: 
Open.kettle rendered lard, II 
Smooth ........................................ 6.36 ounces 
Grainy ' .......................................... 6.62 ounces 
Prime· steam rendered lard, III 
Smooth ........................................ 6.45 ounces 
Grainy .......................................... 6.46 ounces 
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Drip.rendered lard, III 
Smooth ............................... .... ..... 6.03 ounces 
Grainy ........................................ 6.06 ounces 
A. H. Open.kettle rendered lard 
Smooth ____________________________ ______ ______ 5.91 ounces 
Grainy __________________________________________ 5.53 ounces 
The analysis of variance of breaking strengths of pastries made 
with smooth and grainy lards showed that variations due to fats were 
highly significant, i . e., some fats produced tenderer pastries than 
others. But there were no significant differences that could be at· 
tributed to the texture of the lard. In other words, the texturc, 
whether smooth or grainy, in these tests did not produce significant 
variations in breaking strength. 
TEMPERATURE OF THE LARD WHEN ADDED TO THE FLOUR 
The standard procedure, except for incubation and temperature 
of the fat when added to the flour, was followed by Bernds. A 
Prime·steamed lard and three temperatures of the fat were used. 
In the first, the fat was held in the refrigerator until added to th~ 
flour. The initial temperature of this cold fat varied between 3° 
and 5°C. For the second variation, the fat was between 24° and 
26° C. The room temperature was also maintained between 24° and 
26° C. during the mixing of all these batches of dough. For th~ 
third variation, the lard was heated over boiling water. Its tern· 
perature was 60°C. when it was added to the mix. Only enough of 
this lard remained from previous experiments to make 9 inst~ad 
of the usual 10 mixes per variation. The results are given in table 16. 
The mean square, 20.6, table 17, is large. The probable reasoll 
for this large estimate of error is the wide range of the mix means, 
TABLE 16. MEANS OF BREAKING STRENGTH (OUNCES) OF PASTRY 
MADE FROM LARD AT VARIOUS TEMPERATURES. i. e .• COLD. ROOM AND 
MELTED. ALSO. THE LOWEST AND HIGHEST AND RANGE OF MEANS OF 
BREAKING STRENGTH AND DOUGH TEMPERATURE. (EACH MEAN. THE 
AVERAGE OF MEANS OF NINE MIXES. 901 PASTRIES. BERNDS.) 
Fat taken from Fat at room Fat melted 
refrigerator, temper;ature. and added 
about 5°C. about 25°C. at 60 °C. 
Means of breaking strength 10.17 9.25 11.42 
Breaking strength. lowest and high- 10.5-12.5 8.5-12.3 7.0-14.5 
est means of mixes 
Brea king strength. range of mix 2 3.8 6.8 
means 
Lowest and highest dough tempera- 24°-26°C. 26° -28°C. 29.5°_31 °C. 
turel 
Means of dough mix temperatures 25.0°C. 27.4°0. 30.5°C. 
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TABLE 17. ANALYSIS OF VARIANCE OF BREAKING STRENGTH OF PASTRY 
WHEN THE TEMPERATURE OF THE LARD ADDED TO THE 
FLOUR VARIED FROM 5' to 60' C. 
Source of variation 
Temperature of lard 
Between means of mixes of same fat (error) 
Within mixes 
*Signifioant 
Degrees of 
freedom 
2 
24 
243 
Mean 
square 
107.5· 
20 .6 5.' 
particularly those for the melted fat. Although the average break-
ing strength for the pastries made from the melted fat was greater 
than those made from the lard at room temperature or from cold 
lard, the mean for one mix in which melted fat was used was only 
7 ounces. No explanation can be given for this one batch of pastry 
having such a low breaking strength. The temperature of the dough 
was 30.5°C. The next lowest mean breaking strength for a pastry 
mix from melted fat was 11 ounces. The means of breaking strength 
for six out of nipe mixes for the melted fat were 13.2 ounces or 
more. 
The consistency of the fat at the various temperatures and thus its 
ability to coat the Rour particles in a definite combining time varied. 
Doughs made with the fats at the different temperatures showed 
differences in characteristics; that from the fat at room temperature 
was rather soft and plastic. The fat seemed to be well distributed 
among the Rour particles. The dough made from the cold fat was 
firmer to the touch than when the fat was used at room temperature, 
and the mixing of the fat with the Rour produced a rather crumbly 
mixture with the fat broken up into small Rour-coated pieces, so 
that the inter-mixture of the fat and Rour was not as complete as 
in the preceding case. The most marked change in the dough oc-
curred when the fat was melted. There was no difficulty in covering 
the Rour particles with the fat; but, while the water was being mixed 
into the dough the mixture gradually formed a rather yellowish 
elastic mass. During kneading it was noted that this dough waa 
quite soft and rubbery. During rolling a peculiar quality became 
evident. Immediately after the pastries were cut they shrank in 
size so that the baked pastries made from the melted fat were a 
triRe narrower than the other pastries. This may have had some 
effect on the breaking strength but was probably compensated for 
by the additional thickness of the dough. 
The development of the elasticity in the dough seems directly 
concerned with the effect of the higher temperature of the fat upon 
the gluten. Hydration of the gluten proceeds more rapidly at a 
higher temperature and as shown in table 16 the average tempera-
ture of the dough made with melted fat was 5.5°C. higher than that 
made from fat at refrigerator temperature. This increased hydra . 
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tion and development of the gluten is also reflected in the break-
ing strength, the pastries from the melted fat requiring the greatest 
force for breaking_ 
The temperature of the fat had a noticeable effect on the flakines<; 
of the pastry_ Bernds concluded that the pastry made from the lard 
at room temperature, although the tenderest, was the least flaky, 
that in which the melted fat was used was probably the flakiest, 
whereas that in which cold lard was used was slightly lower or 
equal to the melted fat in flakiness_ The flakiness of pastry made 
from a lard at a given temperature varied from mix to mix_ This 
was particularly true for the cold and melted lard_ For this reason 
it was difficult to rank the pastries from the fat at these two tem-
peratures as to degrees of flakiness_ 
The flakiness of the pastry made from cold lard can be explained 
on the tbasis that the fat was not as well mixed with the flOUT- The 
subsequent rolling process thus distributed it in layers throughout 
the pastry with flakiness the result_ The lard added at room tem-
perature was evenly distributed over the flour particles and separ-
ated individual particles rather than layers of flOUT- The net effect 
was a tenderer pastry but one not so flaky_ 
The melted lard readily coated the flour particles_ No explana-
Lion can be offered as to why the pastry made from the melted fat 
was flakier than that from the lard at room temperature_ The re-
sults of three short studies, using the same variable, i. e., tempera-
ture of the fat, by students in experimental foods classes were con-
trary to Bernds' results, in that the melted fat gave the least flaky 
pastry. The pastry made from fat at refrigerator temperature was 
the flakiest in two of these short studies, that from fat at room 
temperature was flakiest in the third. The order for tenderness of 
the pastries from these three studies also varied, the pastry from fat 
at refrigerator temperature being tenderest in one study, whereas 
in the other two that at room emperature was the tenderest. 
Observation of student work in experimental cookery classes has 
shown that pastry flour with a lower gluten content tends to produce 
a mealier and less flaky pastry than does an all-purpose flour of 
higher gluten content. This suggests that the gluten contributes to 
flaky pastry production as does the layering of the fat or oil and 
the distribution of liquid throughout the dough. 
To a certain extent flakiness and tenderness are antagonistic in 
that if the fat does not cover the individual flour particles thoroughly 
and instead forms layers between flour particles, the shortness is 
somewhat sacrificed to the flakiness. If flaky pastry is desired, thp-
slight loss in shortening power caused by using a cold fat and not 
thoroughly coating the flour particles would not detract noticeably 
from the eating quality of the product. 
It must be remembered throughout this study that the data 
obtained and the conclusions drawn are based on the use of certain 
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proportions of ingredients and a definite method of mixing. Any 
change in the procedure or formula might change the results so 
that the same conclusions could not be drawn under other circum· 
stances. 
BAKING TEMPERATURE FOR PASTRY 
This section of Bernds' study was so designed that a comparison 
of the breaking strength, determined on the Bailey Shortometer, of 
pastry baked at five temperatures, i. e., at 15° C. intervals from 18;;0 
to 245° C. might be made. 
The usual technic was followed. One and one·fourth the full 
formula was used for each batch. Each fifth of a mix was baked 
at the indicated temperatures and time, the baking time having been 
determined in preliminary tests. Prime·steam lard was used. 
The analysis of variance showed that differences in breaking 
strength were not significant. It will be noted, table 18, that the 
mean breaking strength of the pastry baked at the highest tempera· 
ture was the lowest and that the means of pastries baked at lower 
temperatures increased with lowering of baking temperature until 
at 185° C. a mean breaking strength second in order in the series 
was obtained. 
The means of breaking strength might indicate that a lowering of 
the baking temperature from 245° to 200°C. caused concurrent 
lowering in tenderness of the pastry but that this relationship no 
longer existed when a baking temperature of 185° C. was reached . 
The pastries baked at the various temperatures did not look 
exactly alike. Those baked at 245° C. tended to form brown patches 
on the bottom even before the pastry was completely baked, whereas 
those baked at 185°C. merely attained a light tan color at the edges 
even with some overbaking. 
Bernds states that the greatest difference in the pastries baked a"t 
the various temperatures in this unit was in palatability. Those baked 
at 245° C. were so different in flavor from those baked at 185°C. 
that the two might have been thought to contain different ingredients, 
whereas they were made from the same mix. The pastry baked at 
the higher temperatures was browner, and had a rich, strong flavor, 
TABLE 18. THE BAKING TEMPERATURE, THE BAKING TIME AND THE 
MEANS OF BREAKING STRENGTH OF PASTRIES BAKED AT THESE TEM-
PERATURES. (EACH FIGURE FOR BREAKING STRENGTH THE MEAN OF 10 
MIXES, 100 PASTRIES. BERNDS.) 
Baldng temperature 
·C. 
245 
230 
215 
200 
185 
Baking timo 
Min. 
7 
8 
10 
12 
14 
Breaking st rength 
Oz. 
10 .~0 
10.87 
10.95 
11.40 
10.56 
39 
more desirable to most people than the bland flavor of the pastry 
baked at 18S°C. One judge liked the pastry baked at the lower 
temperature. 
No differences could be noted in the flakiness of the pastry within 
a mix caused by the variations in baking temperature, all the 
pastries being very flaky. 
VARYING PROPORTIONS OF LEAF AND BACK FAT 
Five lards prepared by the Animal Husbandry Section were 
obtained from the Chemistry Section. The lards consisted of leaf 
fat, a comparatively hard and firm fat obtained from the abdominal 
region of the hog carcass; of back fat, a somewhat softer fat 
obtained from the back of the hog and of mixtures of these two 
lards in varying proportions. The lards were used by Bernds (2) 
in a series of pastries. The means of breaking strength with the 
chemical and physical constants are given in table 19. These con-
stants were not known by Bernds until after the tests were com-
pleted. 
It will be noted, table 19, that there is a regular gradation of 
physical and chemical constants in these lards; for instance, Lard I, 
which is pure leaf lard, has the lowest iodine number and Lard V, 
which is back fat, the highest. The most interesting point in this 
study is the fact that the means of breaking strength for the test 
pastries fall in the same regular order. In the case of congealing 
and melting points the values show direct relationship whereas such 
values as iodine number, smoking point and refractive index show 
an inverse relationship. 
EFFECT OF SUBSTITUTING OLEIC ACID FOR PART OF THE LARD 
In the first study of the effect of substituting oleic acid for a cer-
tain percentage of the lard, the five lards of the preceding experi-
ment composed of varying proportions of leaf and back fat were 
used, table 19. 
At the outset of this experiment, it was planned merely to com-
pare the shortening powers of these fats with each other and to 
ascertain the effect of replacing 10 percent of the lard with oleic 
acid. Hence., the design of the experiment was not such that substi-
tution of 10, 5 and 2.5 percent of the lard with oleic acid could 
be compared. In order to compare the results of substituting varying 
amounts of lard with oleic acid, each variation should have been 
tested in 1 day in four different ways, namely, each lard without 
oleic acid, with 10, 5 and 2.5 of the lard replaced with oleic acid. 
In addition, the order of mixing batches should have been rotated 
until the required number of mixes had been baked. In this way, 
environmental differences and slight technic differences which de-
velop in the progress of an experiment would have been uniformly 
distributed throughout the variations studied and the variations 
have been properly compared. 
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TABLE 19. MEANS OF BREAKING STRENGTH OF PASTRY MADE FROM 
LARDS I TO V AND THE PHYSICAL AND CHEMICAL CONSTANTS, DETE~ 
MINED BY B. DEMORATSKY OF THE FOOD CHEMISTRY SECTION. (BERNDS. ) 
Mean of 
Iodino Per.ox ... Free Refractive Melting breaking Lard Typo or ;ongeal. fatty Smoking point strength 
no. ida index at no. lard (Wijs) ing pt. value acids as point 40·C. (polarized (180 pas-
oleifl light) tries per 
fat) 
- -
----
------ - -
· C. percent ·C. ·C. Ot. 
1 100% leaf 59.82 29.82 0.25 0.319 180 1.4586 48.9 9.45 
II 751,25B 60.02 28.95 0.25 0.284 186 1.4586 48.7 9.24 
III 501,50B 63.38 27.85 0.50 0.248 188 1.4589 46.75 7.93 
IV 251,75B 64.40 26.90 0.75 0.248 187 1.4595 44.85 7.75 
V 100% back 67.52 26.25 0.75 0.213 191 1.4597 42.2 7.14 
In the part of the experiment in which the effect of replacing J.O 
percent of the lard with oleic acid was tested, the experimental 
design wa.s such that the treatment without and with oleic acid ca.n 
he properly compared, sincc the mixes were run in series of 10. 
Each series contained mixes of all five lards with and without reo 
placement with oleic acid. In all, 100 mixes were made. The 
results are shown in table 20. 
The data, table 20, show that replacing 10 percent of the lard 
with an equal amount of oleic acid has in every instance resulted 
in tenderer pastry, as judged by the breaking strength. It should 
also be noted that the breaking strength of the pastries made with· 
out oleic acid did not show declining breaking strength in regula ~' 
order from I to V, as shown in tables 19 and 22. 
The highly significant mean squares in table 21 may be interpreted 
as follows: 1. That the difference in treatment has caused a very 
highly significant variation in breaking values and that replacing 
10 percent of the lard by an equal weight of oleic acid has raised 
the shortening power to a highly significant degree. 2. that the lards 
differ to a highly significant degree in shortening power and 3. that 
the interaction is also highly significant, or in other words that the 
treatment has not reacted to the same degree on all lards tested 
but has affected the shortening power of some more than others. 
Since the substitution of 10 percent of the lard with oleic acid 
decreased the breaking strength of the pastries to such a degree, it 
TABLE 20. MEANS OF BREAKING STRENGTH (OUNCES) OF PASTRIES WHEN 
NO OLEIC ACID IS ADDED AND WHEN 10 PERCENT OF THE LARDS ARE 
REPLACED BY OLEIC ACID. (EACH FIGURE MEAN OF 
100 PASTRIES. BERNDS.) 
Lard I Lard II I Lard III [ Lard IV I 
Without oleic acid 9.28 9.82 I 7.70 I 8.05 ! With 10 percent o f oleic acid 8.32 8.15 7.16 6.96 
Lard V 
7.08 
6.50 
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TABLE 21. ANALYSIS OF VARIANCE OF BREAKING STRENGTH OF PASTRIES 
MADE FROM FIVE LARD SAMPLES WITH AND WITHOUT REPLACING 10 
PERCENT OF THE LARD WITH OLEIC ACID (1000 PASTRIES. BERNDS.) 
Source of variation 
Oleio acid t~eatment 
Lards 
Treatment x lards (interaction) 
Between mixes of same fat and treatment (error) 
Within mixes 
""Highly significant 
Degree of 
freedom 
1 
4 
'" 90
900 
Mean 
square 
233.8·· 
179.8·· 
83.7** 
5.1 
3.3 
seemed desirable to repeat the series replacing 5 percent of the lards 
with oleic acid. The quantity of lard was sufficient to make only 
eight mixes of each lard without and eight mixes with oleic acid. 
The means are shown in table 22. 
The data, table 22, show that replacing 5 percent of the lard by 
an equal weight of oleic acid decreased the breaking strength of 
pastries made from each lard. Here the breaking strengths of the 
five lards without oleic acid are again in descending order, as was 
shown in table 19 and contrary to results shown in table 20. 
The analysis of variance of breaking strength showed that the 
substitution of 5 percent oleic acid for part of the lard has raised 
the shortening power to a highly significant degree and also that 
the lards differ to a highly significant degree in shortening power. 
Since the substitution of 5 percent of the lard with oleic acid 
reduced the breaking strength to about the same extent as did 10 
percent, it would indicate that 10 percent exceeds the amount of 
such an unsaturated compound needed to bring about maximum in· 
crease in shortening power by about 5 percent. 
These results suggested that it would be a good plan to reduce 
further the amount of oleic acid, but there was not enough of the 
five lards to run another series. There were, however, sufficient 
of lards III and V so that 3.5 percent of the lard was replaced with 
the same weight of oleic acid. As before, the breaking strength was 
decreased, but since there was no control series without oleic acid 
run simultaneously, the results are not reported. 
Later Bernds repeated this experiment with proper rotation of 
TABLE 22. MEANS OF BREAKING STRENGTH (OUNCES) OF PAro'RY WHEN 
NO OLEIC ACID IS ADDED AND WHEN 5 PERCENT OF THE LARD IS RE-
PLACED BY AN EQUAL WEIGHT OF OLEIC ACID. (EACH FIGURE 
THE MEAN OF 80 PASTRIES. BERNDS.) 
Lard 1 Lard II I Lard III I Lard IV I Lard V 
Without oleic acid 9.86 8.51 III 8.21 I) 7.37 II 7.21 
5 percent oleic acid 8.41 7.92 7.13 I 6.54 I 6.3S I 
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the mixes, each vanatIOn being used each day or used a multiple 
number of times. The work was done in August and the room 
temperature could not be controlled. The results follow: 
TABLE 23. THE MEANS OF BREAKING STRENGTH (OUNCES) OF PASTRIES 
MADE WITH AND WITHOUT REPLACING VARYING PERCENTAGES OF THE 
LARD WITH OLEIC ACID (100 PASTRIES PER VARIATION. BERNDS.) 
Variation Breaki ng strength 
O:t. 
Without oleic acid 10.18 
Replacing 1 percent of lard with equal weight of oleic acid 9.55 
Replacing 2.5 percent of lard with equal weight of oleic acid 8.93 
Replacing 3 percent of lard with equal weight of oleic acid 8.73 
Replacing 10 percent of lard with equal weight of oleio acid 8. 11 
An inspection of the means, table 23, shows that replacing in· 
creasing percentages of the lard with oleic acid has caused thr 
breaking strength to decrease in regular order so that the pastry 
hardest to break is that containing no oleic acid and the tenderest 
that in which 10 percent of the lard has been replaced with oleic 
acid. The analysis of variance shows the oleic acid replacements 
produced pastries with highly significant differences in breaking 
strength. 
This effect may have been caused by either or both of the follow· 
ing factors: 1. Added absorbability and increased ability to coal 
the flour particles caused by the double bond in the oleic acid and 
2. the effect of free fatty acid (unsaturated) upon gluten, causing 
a "shortening" effect, as reported by Sullivan et at. (20), Kozmin 
(12) and others. 
COMPARATIVE SHORTENING POWER OF LARDS AND OTHER FATS 
IN PASTRY AND COOKIES 
PASTRY 
This section of the investigation was not so designed that varia· 
tion due to "difference because of days" could be segregated, i. c., 
each fat was not used in each baked product every day and the 
order of mixing and baking rotated. In addition only four mixes 
per fat were made during 1932·33, although for 1933·34 the mixes 
per fat were increased to 16. Hence, only the means can be examined. 
The means, given in table 24, are for four mixes per fat with 4.0 
pastries per mix. 
The rank for progressively increased breaking strength of pastry 
in different units and for different years of this study is as follows: 
Oils, soft lards, harder lards, hydrogenated fats and lastly butter. 
This order has occurred so often that it is the expected outcome when 
pastries are made under the standardized conditions of this investi· 
gation. In only one instance, see table 11, have pastries made of 
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lard had smaller breaking strength than those made from oils. 
Throughout all shortening tests with pastry and cookies, the 
breaking strength of butter products was greater than for other fats. 
Yet, because of other qualities, the butter cookies were often pre· 
ferred to the cookies made from other fats. The weight of butter 
used was always the same as that of the other fats, no allowance 
being made for its moisture content. 
In general, the oils yielded pastries with . the least breaking 
strength. See tables 13, 24 and 26. From this it might be judged 
that oils are more desirable than plastic fats for pastry. From other 
tests it is known that two types of pastry, a mealy or a flaky one, 
may be obtained with oil. Which type is obtained depends on the 
extent of mixing the oil with the flour and the subsequent treat-
ment. The technic followed in this investigation, i. e., mixing the 
oil 3 minutes with the flour and combining on a KitchenAid pro-
duced a tender, mealier, less flaky pastry. With the same propor-
tion of ingredients but different technic a very flaky, yet noticeably 
tougher, pastry was obtained, its breaking strength being greater 
than that of lards treated in the same manner. 
The many tests of this investigation show that of the plastic fats, 
even if cost is not considered, lard is the most economical in that 
it produces the tenderest pastry. Thus, for pastries of equal tender-
ness a smaller quantity of lard can be used than of the hydrogenated 
shortenings. Cawood (3) has reported that 33.2 parts of refined 
TABLE 24. COMPARATIVE SHORTENING VALUE AS DETERMINED BY 
BREAKING STRENGTH. OF THE SAME FAT IN DIFFERENT BAKED 
PRODUCTS. 1932-33. (DUNCAN AND LOWE.) 
Breaking strength in ounces 
Fat. 
Pastry 
A. H. Composite lards I E 5.51 H 5.51 
C 6.24 
I 6.35 
F 6.41 
B 6.53 
G 6.58 
D ...... 
A I ...... 
Commercial fat. I 
Corn oil. II I 5.11 Corn oil. I 5.83 
Prime-steam lard I 5.97 
Open-kettle lard I 7.66 Hydrogenated lard 8.93 
Hydrogenated lard and 
\ vegetable oil 9.57 
Hydrogenated cottonseed oil I 9.64 
Butter 13.48 
I 
I 
I 
I 
I 
\ 
Eggless 
cookies 
18.75 
15.52 
17.39 
16.14 
18.49 
17.78 
16.57 
17.20 
18.43 
22.48 
21.52 
16.35 
18.61 
18.04 
18.05 
18.34 
28.36 
I Egg yolk I Whole egg 
cookies. cookies 
I 
I 
I 
\ 
6.68 
7.64 
6.29 
7.45 
7.56 
5.87 
8.42 
6.03 
5.82 
11.17 
10.77 
4.94 
5.75 
7.90 
.. -.-... 
6.72 
11.65 
14.96 
15.16 
13.02 
14.40 
14.45 
13.39 
14.68 
.... .... 
13.56 
10.17 
11.74 
11.35 
12.90 
\ 
14.28 
10.65 
11.52 
I 
I 
I 
Iodine 
no. 
(Wij.) 
68.1 
83.4 
75.4 
76.8 
63.6 
70.6 
81.5 
67.5 
70.6 
127.3 
125.6 
67.7 
63.5 
61.5 
54.5 
73.5 
33.8 
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lard (Prime-steam) per 100 parts of flour produced pastry equal 
in breaking strength to that produced with 44 parts of hydrogenated 
fat. 
Yet tenderness is not the only criterion for judging pastry quality_ 
Flakiness and flavor also are important. Because lard ranks high in 
economy and shortening value and produces flaky pastry of good 
flavor, it is rated as the most desirable fat for pastry. 
Harvey (10) found that average lards and hydrogenated vegetable 
oil shortenings produced pastry of practically equivalent breaking 
strength. Probably one explanation of the fact that Harvey did 
not obtain greater differences in the shortening power of lards and 
hydrogenated vegetable oils is the high proportion of fat used by 
him. He used 50 and 52.5 parts of lard per 100 parts of flour as 
against 40 parts in this investigation. In preliminary work for this 
study some pastries with higher concentrations of fat were made. 
Their breaking strength was more nearly equal than when lesser 
concentrations of fat were used. 
Denton and Lowe (6) with 43 parts of fat per 100 of flour ob-
tained approximately the same order for shortening in pastry as 
that obtained in this study. Fisher (8) found that softer lards pro-
duced pastries of lower breaking strength than the firmer lards, and 
both yielded tenderer pastry than the hydrogenated oil. Thus, the 
results of this study are in agreement with those of Denton and 
Lowe and of Fisher. 
EGGLESS COOKIES 
When sugar without egg is added to the pastry mix the product 
becomes crisper than pastry and has a higher breaking strength. A 
study of the means, table 24. shows that the breaking strength of 
eggless cookies made from oils is about four times as great as for 
the same oils when used in pastry, that of the lards about three 
times as much and that of the hydrogenated fats and butter about 
two times as great. Possible explanations for the increased break-
ing strength when sugar is added to the pastry mix are: 1. Sugar is 
an excellent absorbent for fat and thus lessens the area of the flour 
particles coated by the fat and 2. the sugar is not completely dis-
solved in the quantity of moisture present. The first suggestion may 
explain why cookies made with oils have such increased breaking 
strength. If the liquid fats are absorbed to a greater extent than 
the plastic fats, there will be less oil to separate the flour particles, 
hence a product with greater breaking strength will be obtained. 
Hardness and crispness in cookies is not objectionable from the 
standpoint of eating quality, although according to the definition of 
shortening by Davis (4) the cookies are less tender than pastrv. 
The first bite of a cookie may be crisp and hard, but as the sugar 
dissolves the cookie is readily separated into smaller pieces, and 
the first crispness is enjoyed. 
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It has been shown in another section that the extent the fat and 
sugar were creamed (3 minutes on KitchenAid) in this study had 
no significant effect on the breaking strength of these fats when used 
in eggless cookies. 
EGG YOLK COOKIES 
When both sugar and egg yolk were added to the pastry mIX, 
the breaking strength, table 24, of the cookies for each fat was less 
than for the same fat when used in eggless cookies. A possible cx-
planation is that egg yolk contains approximately 33 percent fat , 
and this fat may have added to the shortness of the products. 
The breaking strength of the egg yolk cookies from oils was 
about twice that of the same oils in pastries. The breaking strength 
of oil cookies is also noticeably greater than those made from the 
other fats with the exception of butter. Noble et al. (16) have 
shown that creaming to the maximum volume does affect the 
breaking strength of cookies made from these creamed mixtures. 
In this unit the fat and sugar were creamed 3 minutes, the egg yolk 
added and creamed an additional 3 minutes. No determinations 
were made of the effect of the 6-minute creaming on breakiug 
strength, but it is possible that the longer period did affect the 
breaking strength. Since oil does not cream, that is, no air is in-
corporated when the oil and sugar are mixed together, this may 
partially explain the greater breaking strength of egg yolk cookies 
made from oil. Another explanation is that the egg yolk partially 
emulsifies the oil, hence lessens its shortening value. 
The longer creaming period (6 minutes) may partially account 
for the lower breaking strength of the egg yolk cookies made of 
lards and the hydrogenated fats than when these same fats were 
used in eggless cookies, table 22. That the rank for shortening does 
not entirely depend on the air incorporated during creaming is 
shown by the fact that the lards produced cookies of lower break-
ing strength than the hydrogenated fats, although the latter cream 
to a larger volume. It is interesting to note that for the commercial 
lards, the hydrogenated fats and butter breaking strength of egg 
yolk cookies is slightly lower in each case than the breaking strength 
for these same fats in pastry. That this lessened breaking strength 
for egg yolk cookies is not due entirely to the air incorporated in 
creaming nor to the shortening power of the fat of the egg yolk is 
shown by comparison of the results with the A. H. Composite lards. 
With but one exception, the breaking strength of the egg yolk 
cookies made from the Composite lards is slightly greater than 
when the same fat is used in pastry. 
WHOLE EGG COOKIES 
When sugar and whole egg were added to the pastry mix, there 
was not a wide range in the means of breaking strength. The means 
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of the commercial fats were, in general, slightly lower than those 
for the A. H. Composite lards. Since the creamed volume was not 
determined for either whole egg or egg yolk cookies its effect on 
the breaking strength only can be conjectured. The significance of 
variation in breaking due to the different fats used also was not 
determined for these two products. Hence, only the means can bc 
presented for comparison of results with future investigations. 
RELATIVE SHORTENING VALUE OF FATS IN DIFFERENT PRODUCTS 
The results obtained with pastry and various types of cookies 
show that the shortening power of a fat or oil, as determined by 
breaking strength, may be affected by the other ingredients in the 
product as well as the technic and procedure used for making the 
products. Sugar, egg yolk and whole egg may alter the apparenl 
shortening value of a fat. Thus, the rank for shortening value or 
breaking strength of a particular fat obtained in pastry may be 
different when the fat is used in other products. 
RELATION OF BREAKING STRENGTH OF PASTRY AND COOKIES 
TO THE CHEMICAL AND PHYSICAL CONSTANTS 
OF THE FATS USED 
PASTRY 
Platt and Fleming (17) found some evidence that the shortening 
value of fats is related to the degree of unsaturation of the fat. 
The breaking strength for cookies, arranged in increasing order 
was: Lard, lard compound, cottonseed oil, butter and coconut oil. 
Denton and Lowe (6) found oils to have both the least breaking 
and the least crushing strength· in pastry. The oils were followed 
in order by softer lards, hydrogenated cottonseed oil, leaf lards, 
coconut fat and butter. In general, these breaking strengths are in-
versely proportional to the iodine number. Fisher also found that 
the softer lards of higher iodine number had lower breaking strength 
than the firmer lards. The work of Platt and Fleming was carried 
out under standardized conditions in a bakery. In the work of 
Denton and Lowe the mixes were not rotated in such manner that 
the significance of difference and comparison of the results could 
be validly tested statistically. 
In the present study the fats with greater unsaturation or higher 
iodine numbers have the least breaking strength. 
The unit of this investigation planned to best show the relation. 
between breaking strength and chemical and physical constants is 
the section on pastry completed during 1934-35, which shows the 
effect of "day to day" variation, table 13. The simple correlations 
between means of breaking strength and the chemical and physica I 
constants for one oil, seven lards, two hydrogenated fats and buttcr 
are non-significant except for that between breaking strength and 
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TABLE 25. PASTRY. MEAN BREAKJNG STRENGTH OF PASTRIES MADE 
FROM 48 ANIMAL HUSBANDRY INDIVIDUAL LARDS WITH SOME OHEMICAL 
AND PHYSICAL CONSTANTS OF THESE LARDS. (ANALYST, 
E. W. EICKELBERG, 1933-34.) 
Mean break-
Chemical and physical constants 
Lard ing strength 
no. of mixes, Iodine Free fatty Melting Smoking 40 pastries no. acids as point point per mix oleic 
--
Oz. percent °C. °0. 
31 7.90 
I 
65.2 
I 
0.29 
I 
45.6 
I 
171 
23 7.93 63.0 0.34 46.2 168 
24 8.06 64.2 0.27 46.8 166 
29 8.70 66.3 0.23 45.3 175 
32 8.85 62.7 0.30 46.7 160 
26 8.86 64.1 0.30 45.1 171 
22 9.30 60.3 0.27 47.9 170 
27 9.38 63.3 0.27 46.3 173 
120 9.44 64.1 0.35 45.7 168 
92 9.67 62.5 0.42 46.0 156 
18 9.76 61.1 0.22 47.0 174 
28 9.83 62.3 0.35 46.7 167 
94 9.88 63.1 0.33 46.4 163 
30 9.90 60.7 0.21 48.4 174 
96 9.99 62.5 0.42 47.1 170 
44 10.03 60.4 0.30 48.4 170 
76 10.07 66.4 0.34 46.5 152 
17 10.26 58.3 0.30 47.0 163 
11 10.29 62.2 0.31 47.4 167 
14 10.34 62.8 0.31 45.7 157 
125 10.36 61.9 0.25 48.4 167 
19 10.42 61.9 0.85 46.2 155 
128 10.46 64.3 0.38 47.0 161 
12 10.64 63.2 0.31 46.1 158 
25 10.66 63.3 0.20 46.2 171 
93 11.11 65.9 0.39 46.6 162 
21 11.17 63.1 0.26 47.2 172 
35 11.23 64.2 0.36 47.7 155 
34 11.37 60.3 0.32 48.0 174 
13 11.42 62.4 0.48 46.5 162 
95 11.51 63.0 0.30 47.0 156 
56 11.61 60.4 0.44 48.0 164 
20 11.65 63.0 0.30 45.9 164 
57 11.66 65.5 0.40 46.2 161 
33 11.72 61.7 0.31 49.1 163 
15 11.74 62.6 0.41 46.0 160 
10 11.93 61.0 0.40 46.3 152 
75 11.94 63.3 0.45 46.2 154 
43 11.97 61.1 0.32 47.7 174 
6 12.36 61.1 0.41 44.9 147 
42 12.54 59.4 0.29 48.2 174 
8 12.80 63.4 0.51 45.0 142 
5 13.07 62.9 0.47 45.0 142 
9 13.09 60.3 0.37 47.8 154 
1 13.18 57.1 0.32 44.2 163 
2 14.18 59.0 0.33 46.4 152 
7 14.74 60.1 0.85 47.4 155 
3 14.89 58.7 0.29 46.6 163 
refractive index. This latter correlation, -.654, is significant, show-
ing an Inverse relationship, that is, a tendency 
strength to accompany high refractive index. 
for low breaking 
The mean breaking strength and the chemical and physical 
constants of 48 A. H. IndiVidual lards are given in table 25. The 
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design for the tests of these 48 lards was not such that the mixes 
were rotated. (It would have been a physical impossibility to have 
used each of the 48 lards in one mix each day.) In addition, all 
the mixes for one fat were usually tested on the same day. Con· 
sidering the limitations of the experimental design, the results 
probably do not carry as much weight as they should. But on the 
other hand, when the importance of technic is considered, perhaps 
it is surprising that the correlation between breaking strength and 
iodine number is so high. The simple correlation between the 
means of breaking strength of these 48 lards and their iodine num· 
ber was -.507. This correlation, with the large number of degrees 
of freedom was highly significant. 
The means, shown in table 26, for some commercial fats are in 
about the same relative order. Those for the year 1933-34 average 
about 2 ounces higher than for the same kind of fat (but not the 
same sample) for 1932-33. There may be several explanations for 
this range of the means. A different lot of flour was used each 
year (although that used for a particular year was from the same 
lot) _ Denton, Gordon and Sperry (5) have shown that flours of 
higher protein content yield pastries of higher breaking strength. 
In addition the two series were made by two operators, which intro· 
TABLE 26. PASTRY. MEAN BREAKlNG STRENGTH OF PASTRIES FROM 
SEVEN COMMERCIAL FATS AND OILS. ALSO SOME CHEMICAL AND PHYSI-
CAL CONSTANTS OF THESE FATS. (EACH MEAN OF BREAKING STRENGTH 
FOR 1932-33 IS AN AVERAGE OF FOUR MIXES, 40 PASTRIES PER MIX. 
WHEREAS THOSE FOR 1933-34 ARE FOR 16 MIXES, 40 COOKIES PER MIX. 
(ANALYSTS: DR. W. BOSCH, D. STARR AND E. W . EICKELBERG. 
DUNCAN AND BUEL.) 
Chemical and physical constants 
Mean 
Fat breaking Iodine Free fatty Melting Smoking 
strength no. acids as point point (Wijs) olei. 
O~ percent ·C. ·C. 
1932-33 I Corn oil, Lot II 5.11 127.3 0.52 ...... 
Corn oil, Lot I 5.83 125.6 0.78 ..... . 
Prime-steam lard 5.97 67.7 0.45 43.5 
Open-kettle rendered 
lard 7.66 63.5 0.30 44.5 
Hydrogenated lard 8.93 61.5 0.31 49.5 
Hydrogenated cotton-
seed oil 9.64 73.5 0.22 45.5 
Bntter I 13.48 33.8 0.64 39.6 
1933-34 I 
Corn oil, II 7.08 127,5 0.32 ...... 189 
Corn oil, Lot I 7.32 128.2 0.39 ..... . 195 
Open-kettle lard 8.94 67.3 0.38 40.6 171 
Prime-steam lard 8.96 68.1 0.65 42.4 173 
Hydrogenated lard 12.15 61.8 0.08 48.1 178 
Hydrogenated cotton-
! seed oil 11.30 78.7 0.25 45.4 171 Butter 21.17 .... -... ...... ...... . ..... 
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rluced differences in technic, even when the identical procedure 
was followed. The simple correlation between breaking strength 
and iodine number is -.728, which even with . the small number of 
degrees of freedom is significant. 
In one unit of this study, all leaf, all back fat and mixtures of 
these two fats in three different proportions were used in pastry. 
(See table 19.) Thus there were five lards with gradual gradation in 
all chemical and physical constants. The means of breaking strength 
of the pastries from these lards also fell into a progressive series. 
Certain characteristics of fats have been mentioned in the literature 
that may be related to their shortening value. They are the plasticity, 
the percentage of unsaturated glycerides as shown by the iodine 
number, the congealing point, the melting point and the percentage~ 
of free fatty acids. The refractive index has not been mentioned 
or has escaped the notice of the authors. The lard of this graded 
series with the highest iodine number, the highest refractive index, 
the lowest congealing and melting point and the lowest percentage 
of free fatty acids gave the pastry of least breaking strength. 
Such a gradation of chemical and physical constants is of course 
not obtained in ordinary samples of lards, as a study of these 
characteristics in different tables herein given will show. 
It is interesting to note that in this section the lard with the high-
est refractive index gave pastry with the least breaking strength. 
In the section designed to show differences due to "day to day" 
variation, table 13, the correlation between breaking strength and 
refractive index was significant. Unfortunately the refractive index 
was not determined for many of the fats used in the earlier part of 
this study. Since there is considerable evidence that breaking 
strength is affected by the degree of unsaturation, though it is not 
the only factor which affects shortening value, it is worthwhile 
noting that for some fats the iodine number can be calculated from 
the refractive index with considerable accuracy. For a group of 
] 2 fats, of which 9 were lards, used in frying doughnuts, the simple 
correlation between iodine number and refractive index was .994. 
The mean breaking strength of pastries from A. H. Composite 
lards with some constants are given in table 25. No correlations 
were determined for this series. But from an inspection of the data 
it is doubtful if any would be shown. 
It has been shown in this study that the mixing technic and pro-
cedure decidedly affect the breaking strength of pastry. In addition 
according to Harvey (10) the breaking strength of a fat can be 
lowered by mechanical working of the shortening prior to its use. 
If it is remembered that the mixes the means of which are shown 
in table 26 were not rotated and each fat was not used once or a 
multiple number of times each day (which was also true for some 
other sections) it is not surprising that none or low correlations 
were obtained in some units of this study between the breaking 
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strength and the iodine number and other chemical and physical 
constants of the fats. Some commercial fats are cooled quickly Oll 
chilled rolls, some are agitated to a greater or lesser degree during 
the chilling and subsequent treatment, and some have considerablt~ 
air incorporated during this agitation. When the effect of all these 
factors is considered, and segregated where possible, there is still 
considerable evidence that the breaking strength of fat in pastry is 
related to its inherent characteristics or its chemical and physical 
constants. 
EGG LESS COOKIES 
The means of breaking strength for fats used in eggless cookies 
during 1933-34 are given in table 28. The physical and chemical 
constants for the A. H. Individual lards are given in table 25, those 
for the A. H. Composite lards in table 27, and those for the com-
mercial fats in table 26. 
Simple correlations for the A. H. Individual lards were determined 
between the means of breaking strength and chemical and physical 
TABLE 27. FROM A. H. COMPOSITE LARDS. 1933-34, ARRANGED IN ORDER 
OF INCREASED BREAKING STRENGTH. ALSO SOME CHEMICAL AND PHYSI-
CAL CONSTANTS OF THESE LARDS. (ANALYST, E. W. EICKELBERG; BUEL.) 
Mean breaking Chemical and physical constants 
Lard strength of 8 Iodin. Free fatty mixes, 40 pastries Melting Smoking 
per mix no. acids point point (Wlja) as oleic 
Oz. percent ·C. ·C. 
I 
' o()t VII, 368 5.55 76.0 0.28 46.5 152 
II. 369 6.52 82.1 0.24 45.0 164, -.',;) 
I, 368 6.79 67.4 ~ 45.1 16 ~, II, 368 Ui 64.3 o .• 47.3 16 IX, 368 64.6 0.29 46.7 15 , 1 ~ 
IV, 368 7.27 75.1 0.41 44.4 17v 
Vrn,368 7.63 67.4 0.32 45.2 159 
III, 369 7.78 79.0 0.25 45.0 160 
IV, 369 8.12 64.2 0.41 44.8 146 
I, 369 8.30 62.7 0.22 46.7 165 
V, 369 8.31 66.3 0.36 45.2 146 
VI, 368 8.32 71.4 0.29 46.1 164 
V, 368 8.59 69.1 0'.39 43.8 147 
X, 368 9.71 64.6 0.29 46.7 155 
III, 368 10.54 77.4 0.26 46.1 170 
constants of the fats. All were non-significant. The correlations 
between these factors for the fats used in eggless cookies during 
1933-34, table 15, were also non-significant. No correlations were 
determined for the A. H. Composite and the Commercial fats 
given in table 28. 
However, if the means for breaking strength of A. H. Composite 
lards in eggless cookies for 1932-33, table 24, are arranged accord-
ing to increased breaking strength and compared with the iodine 
numbers of each fat, although no determination was made, from 
inspection it appears obvious that the lowest breaking strength tends 
to accompany the highest iodine number 
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It would appear, from the data herein presented, that the chemical 
and physical constants of the fats used had little influence on the 
breaking strength of eggless cookies made from these fats. However, 
no definite conclusions can be drawn. In only one unit in which 
eggless cookies were used was the design of the experiment such 
that the data obtained could be validly tested. This was the section 
designed to test "day to day" variation and the effect on breaking 
TABLE 28. EGGLESS COOKIES. MEANS OF BREAKING STRENGTH OF A. H. 
INDIVIDUAL, A. H. COMPOSITE AND COMMERCIAL LARDS AND 
FATS FOR 1933-34. (LOWE.) 
Mean breaking Mea n breaking 
A. H. Indi. strength of A. H. Com· strength of 
vidual lards six mixes. 40 posito lards eight mixes. 
cookies per 40 cookies 
mL'C per mix 
Oz. Oz. 
32 13.85 I Lot V, 368 I 1295 
11 14.80 
I 
X, 368 I 13.65 
76 14.84 IV, 369 I 14.73 
35 15.01 I, 369 I 14.82 
31 15.25 II, 369 I 15.08 27 15.29 VII, 368 15.44 
29 15.45 I VIII, 368 I 15.59 
33 15.49 I IX, 368 I 15.60 92 15.58 II, 368 15.67 
6 15.68 I VI, 368 I 15.85 17 15.84 III, 368 15.88 
15 15.91. I IV, 368 I 16.08 12 15.97 III, 369 16.43 2 16.06 I V, 369 16 50 13 16.13 I, 369 I 16.58 14 16.15 I 28 16.24 tVIII, 368 I 16.41 21 16.28 I 25 16.33 Mean breaking 19 16.36 Commercial strength of 
26 16.57 I fat1 16 mixes. 40 23 16.64 
I 
cookies per 
24 16.66 rob: 
---18 16.76 Hydrngenated cotton. I 
5 16.81 se"d oil I 14.25 
4 17.23 
I 
Hydrogenated lard I 15.38 22 17.25 Primo steam Lard 16.70 
20 17.30 Open kettle lard I 16.93 
1 17.32 Corn oil, Lot I 
I 
17.70 
30 17.39 Corn oil, Lot II 17.98 
3 17.53 I Butter 18.92 
tSee introduction, under manipulative technic 
strength of creaming the fat and sugar 3 minutes. For this unit the 
correlations between breaking strength and chemical and physical 
constants of the fats were non.significant. 
For eggless cookies, not only the factors that affect the breaking 
strength of pastry are influential, but the added ingredient, sugar, 
also affects the results. Sugar is an excellent absorbent of fat. 
Since positive absorption is accompanied by evolution of heat it is 
possible that the extent to which sugar interferes with shortening 
ability of the fat could be determined by carefully planned and 
controlled experiments in determining this heat of absorption. Thi, 
remains for future investigation. It is also possible that more care-
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fully designed future experiments may show some relation between 
shortening value and the chemical and physical constants of the fats 
in products in which sugar is used. 
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